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Crosses between Gossyx>ium arboreum (2n = 26) and 
G.hirsutum (2n = 56) give rise to viable hybrids only rarely 
and in view of the economic potentialities of this cross, 
a clear understanding of the fertilization barriers operating 
and of the methods useful in overcoming these barriers is 
desirable. A part of the present investigation consisted of 
a detailed study of seed development in G» arboreum and 
G.hirsutum (selfed) and in reciprocal crosses between them. 
The cross G.arboreum x G.hirsutum falls due to some kind of 
physiological imbalance^between the hybrid endosperm and the 
embryo, as the endosperm degenerates first from the surroundings 
of the embryo. A majority of the mature seeds are empty but 
occasionally undifferentiated embryos are observed which are 
unable to sprout from the seed, if sowh in the normal way. 
The cross G.hirsutum x G.arboreum fails due to the collapse 
of the maternal tissue, the hybrid endosperm growth being 
subnormal right from the beginning. Difficulties in nutrient 
supply affect the growth of endosperm and cause the collapse 
of the Integuments. Grafting prior to crossing Improves the 
fruit setting about 10 times. An embryologlcal study following 
the crosses grafted G.arboreum x G.hirsutum and grafted 
G.arboreum x grafted'"G.hirsutum has revealed that the endosperm 
survives upto 10 days. Later, it undergoes the same course 
of degeneration as in the normal cross. However, a large number 
of hybrid seeds are obtained as a result of Increased fruit 
setting in crosses made in grafted plants. Grafting does not 
Influence the development of tlie seed and fruit setting in the 
cross grafted G.hirsutum x G.arboreum. 
!i 
Another part of the study comprised an emhryological 
investigation of seed development in crosses between G»arboreiam 
(2n = 26, A genome) and G«raimondii (2n = 26, D genome), the 
ossible progenitors of ctiltivated allopolyploid cottons 
G.hirsutTim 2n = 52, G.barbadense 2n = 52, AD genomes). These 
two species are cross-incompatible. The cross G.arborema x 
G.raimondii fails due to the breakdown of the hybrid endosperm. 
Occasionally, mature seeds contain somewhat undifferentiated 
embryos capable of giving rise to hybrid plants. The cross 
G.raimondii x G.arboreum fails due to differences in style 
length, resulting in an inadeqxxate growth of the pollen tubes. 
Hybrid embryos from (F^) seeds of various crosses 
have been examined by X-ray photography and dissected under 
aseptic conditions for culturing in vitro. 
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I H T R O D U C T I O H 
Recent research on distant hybridization has revealed 
that the prospects of interspecific transfers of valuable 
characteristics from wild to domesticated species have so 
far been underrated and the technical difficulties overrated. 
This situation has arisen from developments in overcoming 
inter-specific crossability barriers, in enhancing gene 
recombination and in breaking tight linkages. Among the 
genera in which interspecific crossing has been attempted 
rather extensively is Gossypiian. For a long time, both cotton 
breeders and those interested in evolutionary problems have 
attempted crosses between the Old World and New World diploid 
(2n = 26) species of Gossvpium and also between diploid and 
tetraploid (2n = 52) species (Hutchinson, Silow and Stephens, 
19^7). 
In India, the diploid species G.arboreum and 
G.hirsutum have been cultivated since ancient times. Consi-
derable variation occurs in them with reference to adaptation 
and morphological features. However, all the races and 
strains have a staple length between 12.7 mm. to 2^.9 inm. 
It is only the tetraploid species G.hirsutum and 
G.barbadense that possess long and extra long staple respec-
tively. Crosses between G.arboreum and G.hirsutum woiild be 
valuable in improving the fibre properties of strains of 
G.arboreum. as already shown by the work done at Surat 
(Patel and Patel, 195^; Patel and Thakar, 19^0). However, 
these crosses do not succeed readily. The present study 
was hence undertaken with a view to understanding the 
barriers to the successful development of hybrid embryos 
in reciprocal crosses involving these species and to 
standardizing techniques for preventing premature embryo 
abortion and increasing the number of viable hybrids 
obtained. 
Studies were also undertaken on fertilization 
and embryo development in the cross between G« arboreum 
and G.raimondii, a New World diploid species which is 
believed to be the donor of the D genome of tetraploids. 
If such crosses can be made successfiolly new tetraploids 
can be synthesised using parents with a high degree of 
resistance to diseases and pests. Olsson (I960) has shown 
the value of re-creating existing polyploid species through 
crossing parental diploids followed by chromosome doubling, 
in the improvement of oleiferous Brassicae. The results 
of the detailed hybridization, pollen culture and embryolo-
gical studies undertaken are presented in this thesis. 
MATERIALS AND METHODS 
Materials t 
The varieties of different species of the genus 
Gossypium used in this study and their important character-
istics are described in Table 1. 
Table 1. 
Characteristics of different varieties 
of Gossypium 
1 ! 
Species I Variety S Important characteristics 
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Gossypium hirsutum L, H.l^ Cul t ivated American amphi-
race l a t i fo l ium 
d ip lo id , chromosome number 
2n = 52. 
Staminal column short, 
anthers loosely arranged, anther 
filaments longer above than 
below, capsule surface smooth. 
Bracteole teeth long acuminate, 
more than thrice as long as 
broad. 
Kapas and lint yield per 
acre are 1267 and ^ 4^-3 lbs. 
respectively. Ginning percentage 
35» staple length (in 32nd inch) 
30 and fibre weight per inch is 
Table 1 (Contd.) 
1 T 
Species I Variety J 
* • - - • - * 
Important characteristics 
G.hirsutum(Contd.) H.l^ 
G,arboreum 23IR 
(milliontti of an ounce) 0.1if2. 
Cultivated in the Ganga 
Canal colony of Rajasthan and 
Haryana tract of Punjab. An 
early maturing variety. 
Cultivated Asiatic diploid 
(2n = 26). 
Much branched, 1.0 to 1,5 
meters tall. Leaves cut into 
^"7 deep lobes. Bracteoles 
closely investing the flower, 
longer than broad with 3-U- near 
the apex. Capsules tapering, 
Kapas and lint yield per 
acre are 1168 and 502 lbs. 
respectively. Ginning percent-
age V3, staple length (in 32nd 
inch) 20, and fibre weight per 
inch (millionth of an ounce) is 
0.32if. 
Cultivated in Hoshiarpur, 
Ambala, part of Gurdaspur, 
Jullunder and Ludhiana districts 
Table 1 (Contd.) 
J 1 
Species J Variety J Important c h a r a c t e r i s t i c s 
G,arboreum(Contd.) 231R 
G,arboreum race 
Indicum 
K-5 
Gossypium ralmondii 
ULB. 
of Punjab and can be suitably-
grown under Delhi conditions. 
c 
Resistant to Bls^arm and 
Jassid and more adaptive to 
dry conditions. 
Cultivated Asiatic diploid 
(2n = 26) 
Morphological characters 
similar to 231R except that 
the leaf lobes are not as 
deep. Leaves are slightly 
broader. 
Average Kapas yield per 
acre is 322 lbs. Ginning 
percentage 31, Halo length 
23 nna. and fibre weight is 
(x 10 gm/cm.) 2.11. 
American wild diploid 
species with chromosome number 
2n = 26. 
Height 2-3 meters, perennial, 
treelike, leaf lobe entire, 
bracteoles have 3-17 threadlike 
Table 1 (Contd.) 
1 1 
Species I Variety J Important characteristics I I ^ 
G.raimondii 
DLB. 
(Contd.) 
tails along upper end, Non 
convolviilated seed hairs, pistil 
attachment to the apex of the 
ovary delicate. High density 
of seed hairs. Resistant to 
e 
Bla^arm and Jassids. Supposed 
to he one of the progenitors 
of ciiltivated amphidiploids. 
Gossypiim arhoreum vax. 231R and G.hirsutum H.l^ 
were obtained from the Cotton Breeding Section of the 
Division of Genetics, Indian Agricultural Research Institute, 
New Delhi, G.arboreina var. K-5 and G.raimondii were 
utilized for crossing work at the I.A.R.I. Regional Research 
Centre, Coimbatore, in February, 1966. 
Methods; 
1, Sowing. 
The seeds of G.hirsutum var. H.l^ and G.arboreiim 
var. 231R were sown during the end of April (1963-1965) 
both in 35 cms. pots and as well as in the field. Only 
one seedling was retained in one pot. In the field row to 
row distance was 0.75 meter and plant to plant 0.60 meter. 
In six weeks the height of the seedlings was about 25 cms. 
2. Grafting. 
Reciprocal interspecific grafts were made using 
6-7 weeks old seedlings in pots. The cleft-grafting method 
was followed and the grafted region was tied firmly with 
a thin alkathene tape. The tape was loosened about 15 days 
later, when the grafts were established (Figs. 1&2). Before 
grafting, all the leaves were clipped off except one or two 
at the top of the scion, in order to promote quicker setting 
of the union. 
3. Crossing technique; 
Selfing was done in each variety by locking the 
unopened corolla with the help of a soft metal wire ring. 
Crossing was started during the first week of 
September and continued till the first week of October each 
year, during which period the flowering of G.arboreum 231R, 
G.hlrsutum H.l^, grafted G.^rboreum and grafted G.hirsutmn 
synchronised. In G.hirsutuia* buds which were due to open 
the next morning were chosen for emasculation. In G.arboreian 
emasciaation was done on the same morning before 8.00 A.M. 
as the anthesis took place around 10.00 A.M. The corolla 
was removed in the form of a cap by making a circvLLar cut 
at the Joint of the calyx. Anthers were removed with the 
help of forceps. After emasculation, each flower was covered 
with a butter-paper bag in order to prevent any contamination 
by foreign pollen. Pollen were collected fjcom 8.00 to 9»00 A.M. 
Figs.l and 2 - Reciprocally grafted plants of 
G.arboreum and G.hirsutum 
Ttwo weeks after grafting) 
Pig.l G.arboreum grafted onto 
G.hirsutum. The region 
of graft imion (-») is 
clearly visible. 
Fig. 2 G.hirsutism grafted onto 
G.arboreum. (-*) indicates 
the region of the graft 
union. 

8 
in G.hirsutum and aroirnd 10.00 A.M. in G. arboreian. After 
hand pollination, the flower was again covered with the 
same butter-paper envelope. 
h, EmbrvolQglcal methods; 
Fixations of the developing selfed and crossed 
ovules were made for embryological studies in formalin-
acetic-alcohol 60^, (F.A.A.) at intervals of 8, 12, 2V, 32, 36 
and ^ 8 hours and each day thereafter tintil the bolls were 
available. After two days the materials were transferred 
from F.A.A. to 60 percent ethyl-alcohol. Before processing 
the material in a dehydrating series of ethanol-xylene, the 
outer integiiment was removed from 9-day-old ovules except in 
a few where the integument was to be studied. A cut was 
always made at the chalazal end of the older ovules. Embedding 
in paraffin was effected by giving several changes in parafln 
so as to remove xylene completely from the material. Sections 
were cut with the help of a rotary microtome at 8-12 microns ' 
thickness and the slides were stained with Heidenhain*s 
iron-haemotoxylin. Counter staining was done with fast 
green in clove oil. Camera Lucida drawings were made for 
comparing embryo size ifi different treatments. 
5* Photomicrography. 
Photomicrographs of embryological preparations were 
taken on a Leitz Panphot equipment using 8X eyepiece under 
low (lOX) or high power (hOX) objectives. The distance 
between the slide and the photographic plate was varied. The 
magnification was calculated by directly comparing the 
photograph with the actual size of the embryo or the ovule. 
6, RadiograT)hv. 
For taking X-ray photographs of seeds, the seeds 
were arranged on a card-board and then placed over *Agfa 
X-ray rapid film' taken in a casset. A Philips X-ray 
machine was adjusted at 20 K.V., 2mA and the distance of 
the seeds from the source was maintained at 25 cms. The 
film was exposed for two seconds and subsequently processed 
for analysis. 
7. Embrvo culture; 
Dry delinted hybrid seeds, selected with the aid 
of radiographs, were sterilized in a saturated solution 
of Calcium Hypochlorite for 30 minutes. The seeds were 
thoroughly washed and soaked in distilled water for 15 hours 
under sterile conditions. 
The embryos were excised and cultured in White* s 
(19^3) basic medium with 2 percent sucrose as the carbo-
hydrate source and ferric-citrate as iron source. The pH 
of the medium was adjusted to 6.0 before the addition of 
0.75 percent bacto agar. After dissolving the agar the 
medium was dispensed into clean dry pyrex tubes, 10 ml in 
each, plugged with nonabsorbent cotton and slanted off in 
trays. The medium was autoclaved at 15 Ib/sq. inch for 20 
minutes. Dissection of ovules and inoculation of embryos 
was done in a U.V. sterilized inoculation chamber. The 
cultures were kept at 25 + 1°C imder continuous illumination 
10 
(110 foot candles) from day light lamps. The seedlings 
were removed to soil as soon as they attained the size to 
survive the transplantation shock, 
8. In-vitro culture of pollen: 
Fresh pollen of G.hirsutim and G. arhoreum were 
cultured, after the standardization of a suitable medium. 
Hanging drop cultures with or without agar were prepared 
of freshly collected pollen. The cavity slides containing 
cultures were maintained at 25° - 27°C in a 15 cms. diameter 
petridish provided with moist filter paper. Observations 
were recorded after 8 hours and the experiments were repli-
cated thrice. Fifty pollen tubes were measured in each 
replicate for the purpose of growth measurements. 
9» Storage of pollent 
The pollen grains of G.hirsutum and G.arboreum were 
collected Just at the time of anthesis. The pollen grains 
were stored in perforated gelatin capsules under the varying 
conditions of humidity and temperature. The viability was 
tested by culturing the pollen grains in-vitro at periodic 
intervals. 
OBSERVATIONS M P BESULTS 
A« Fruit setting and seed develor>ment in parents 
and different crosses involving G.arboreum and 
G.hirsutum ~ 
(I) Fruit setting and embryologlcal studies in parents; 
G. arboreum and G.hlrsutiam 
There were no significant differences in the mode 
of embryo and endosperm development in the two species. 
However, wherever there were differences they have been 
mentioned separately. The following account therefore, 
is common for both. 
(1) Fruit setting; 
103 and 112 flowers were selfed in G« arboreum and 
G.hirsutum respectively. Table 2 shows the percentage of 
fruit setting in the two species. 
Table 2 
Percentage of fruit setting in the parents: 
G. arboreum and G.j^ irsutimi 
I Number of 
I flowers 
i selfed 
J Number of 
J bolls 
i harvested 
I Percentage of 
i fruit 
i setting 
Species 
G.arboreum 
Q»hlrsutum 
103 
112 
37 
35 
35.9 
31.2 
12 
(2) Fertilization: 
The mature orule is anatropus, "bitegmic and with 
a massive nucellus. At anthesis, the embryosac contained 
the egg cell, two hooked synergids with distinct filiform 
apparatus and two polar nuclei. Antipodals are ephimeral 
and were never seen at the time of anthesis. 
Pollination took place immediately after anthesis. 
The pollen-tuhe took about 2h hours to reach the ovule and 
entered the embryosac through the micropyle (Fig.3). 
Generally one pollen tube was observed in one ovule. With 
the entry of the pollen tube one synergid was destroyed. 
Sjmgamy and triple fusion were observed within 2^ to 30 hours 
after pollination. The polar nuclei were seen to come close 
to the egg apparatus before fertilization (Fig.11). The 
two polar nuclei and the male nucleus fused simultaneously. 
The percentage of ovules fertilized in the two 
species is given in Table 3« 
yablfi ^ 
Percentage of ovules fertilized in G.arboreum 
and G.hirsuttim 
i Number of I Number of I Percentage 
Species I ovules j( ovules i of 
H studied J fertilized J fertilization 
G. arboreum 33 31 93.9 
G.hirsutum 21 19 90.^ 
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(3) Development of the Embryo: 
Three days after pollination, the zygote divided 
transversely or obliquely. Four days after pollination, 
3 to 8 celled embryos were observed (Fig.^), On the 5th 
day, small globular embryos (51 microns length and 32 
microns breadth) were observed (Figs.5»12). The embryos 
remained globular upto the 7th day (Figs. 6,13) ^ut increased 
in size considerably during this period (69 microns in 
length and h? microns in breadth), Nine to eleven days 
after pollination embryos became heart-shaped (Figs. 7>1^) 
and cotyledons differentiated (Fig.8). After this, the 
embryos started growing at a very f^ ast rate. Meristematic 
activity at the tip of cotyledons resulted in their elonga-
tion while marginal meristematic activity lead to the fold-
ing of cotyledons. In 12-day-old embryos, provascular strands 
appeared in the hypocotyl region and to some extent in the 
cotyledonary region, the root cap and the apical meristem of 
the root also differentiated (Fig.9). Provascular strands 
appeared profusely in cotyledons in 15 to 16 day-old embryos 
(Figs.10, 16 and 17). Shoot apex was organised in l6-day-old 
embryos (Fig.10). Fully differentiated embryos were observed 
in 16-20 day-old oviales, Eesin canals appeared 19 to 20 days 
after pollination. The further growth of the embryo was 
accompanied by the enlargement of cotyledons, hypocotyle and 
further differentiation of shoot apex. Mature seeds contained 
massive embryos of an average size of 6.6 mm. in G.j£bo£§am 
Gossyplum arboreum 231R (Selfed) 
Embryo development 
Figs.3-10 
(Mic rophotog raphs) 
Abbreviations: CE =s Celliilar endosperm 
Fig* 3 L.S. of ovtile, (2^ hours after pollination) 
showing entry of the pollen tube through 
the micropylar end. X 380. 
Fig.If L.S. of ovule, k days after pollination, 
showing a portion of 8-celled embryo, 
X 225. 
Figs.5-6 5 and 7 days old globular embryos 
respectively, (L.S. of ovules) 
X 225, X 225. 
Fig,7 9-de^-old heart shaped embryo. X 100. 
Fig,8 L.S. of 10-day-old owde, embryo 
showing differentiation of cotyledons, 
X 120, 
Fig.9 L.S. of 12-day-old ovule, embryo 
showing differentiation of cotyledons 
and the apical maristern of the 
root (->). X 95. 
Fig.10 L.S, of 16-day-old ovxHe showing 
differentiation of provascialar 
strands and shoot apex (-* ) X 50, 
m 
l l f 
and 8.0 mm* in G.hirsutum. 
(^ ) Development of the endosperm: 
The primary endosperm nucleus divided soon after 
its formation. Two-day-old ovules showed 8-50 free nuclei 
in the endosperm and the daughter nuclei divided repeatedly. 
The numher of nuclei present in the endosperm, 5 days after 
pollination is given in Table h, 
TahJ-e h 
Number of endosperm nuclei present, 5 days 
after pollination, in G.arboreum and 
G.hirsutum 
Species 
G.arboreum 
G.hirsutum 
1 
5 Number of J 
J oviiles X 
5 examined '5 
16 
10 
Range 
998-1336 
850-1115 
( Average number 
I of 
5 nuclei 
11^5 
993 
The free nuclei generally showed 1-3 nucleoli 
in each of them (Fig.36). After 5 days, the endosperm 
grew very rapidly giving rise to about 2700 free nuclei. 
The divisions were not synchronous. When the nuclei at the 
micropylar region were at metaphase, the chalazal end 
contained resting nuclei. Eight to nine days after polli-
nation, the endosperm became cellular first at the micropylar 
region and gradually cytokinesis progressed towards the 
chalazal region. The endosperm became completely celliolar 
GossypiTJm hlrsutum H.l^ (Selfed) 
embryo development 
Pigs. 11-17 
(Microphotographs) 
Fig. 11 L.S. of ovule, 2^ hours after polli-
nation, showing polar nuclei close 
to the egg apparatus. X 200. 
Fig. 12 L.S. of 5-cLay-old ovule, showing 
globialar embryo. X 280. 
Fig.13 L.S. of 7-day-old ovule, showing 
a massive globular embryo. X 260. 
Fig.l^ f L.S. of 11-day-old ovule, showing 
heart shaped embryo. X 100. 
Figs.15-17 L.S. of ovules, 13, 15 and 16 days 
after pollination respectively, 
showing provascular strands, 
differentiation of embryo and 
endosperm. X 110, X 50, X 50. 
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in 12 to 13 days after pollination leaving a central vacuole, 
The vacuole got filled within 15-16 days after pollination 
(Fig.37)» The endosperm was rich in starch and the develop-
ing embryo consumed most of it. 
(5) Integuments; 
The outer integument of a mature ov\ale consisted 
of if to 6 layers of cells and inner integument of about 
10 to 1^ layers. Twenty-four hours after pollination the 
ovule showed distinctly the outer and inner integiament 
(Figs. ^0,^6). In 5 days the outer integument developed 
three distinct regions, (i) outer epidermis (ii) if to 5 
layers of pigmented cells and (iii) inner epidermis. With 
the increasing maturation of seed there was heavy deposition 
of starch and tannin in the pigmented layers. 
On the 16th day after pollination, the inner integu-
ment showed the following regions; (i) outer palisade layer 
(ii) pigmented layers which contained starch and tannin 
(iii) colourless layers (iv) fringe layer. The fringe layer 
had some interesting features. Tannin and starch deposition 
took place in the fringe layer between 5-7 days after polli-
nation (Fig.if7), which disappeared by 9th day (Fig.^1). 
Within 15-16 days after pollination (Figs.^2,^8) the fringe 
layer became distinct and clear of any deposition. 
Ovules did not enlarge in size after 16-19 days. The 
mature seed of G.hirsutum was about 1. ^  mm, longer than that 
of G.arboreum (Table 5)» 
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Table ^ 
Length (in mm.) of ovules at different stages of 
development in G.arboreum and G.hirsutum 
(average of 20 measurements) 
I Days after pollination 
Species F T F T { in J i:^  ! l^ J 19 j P-D J Mature 
G. arbor eum 1.3 2,0 ^.2 5.7 6.6 7.0 7.8 7.8 
G.hirsutum 1,3 2.1 5.2 7.7 9.2 9.0 - 9.2 
(II) Fruit setting, fertilization and seed development 
in crosses between G.arboreum and G.hirsutum 
a) G.arboreum x G.hirsutum: 
(1) Fruit setting; 
Out of 257 crosses made in G.arboreum x G.hirsutum 
only 6 bolls were harvested at maturity which amounts to 
2.3 percent fruit setting (Table 6). A large number of fruits 
dropped between h~7 days after cross-pollination. The mature 
fruits were smaller in size. Fruits continued to drop even 
upto maturity. Sometimes one locule of a fruit was completely 
devoid of seeds which made the mature capsule somewhat 
shrivelled and of abnormal shape. 
(2) Fertilization; 
The stigma of G.arboreum was most receptive between 
17 
9.30 to 10.00 A.M. The pollen of G.hirsutmn germinated 
within half an hour of its deposition on the stigma of 
G.arboreum. Within 2^ hours the pollen tubes were seen 
in the embryosac (Fig,l8). Syngamy and triple fusion took 
place soon after in most of the ovules. Thus, the fertili-
zation is normal in this cross. 
Thirty-three ovailes were examined by sectioning. 
Out of these, 25 showed fertilization (75.7^,Table 7). 
(3) Development of the embryo: 
The zygote divided generally, 3 to ^  days after 
pollination. Four-day-old ovules showed (Fig.19) only 3 to 
^ celled proembryos. Five days after cross-pollination 
some ovules contained embryos (Fig.20) vdaic2ii were comparable 
to that of G.arboreum inbreds (^ 8 microns in length and 
31 microns in breadth). Embryo abnormalities became visible 
in subsequent fixations. The embryos took darker stain. 
Degeneration of nuclei and irregiolar growth were common 
features. Six and 7-day-old embryos (Figs 21-22) showed 
degeneration. This feature was observed in a large number 
of ovules of this stage. Ten-day-old ovules also showed 
very much degenerated embryos (Fig,23). Embryos never 
differentiated into heart or torpedo shapes in almost all 
the ovules exeimined. Occasionally 11-day-old ovxoles showed 
embryos of the size of 32? microns in length and 229 microns 
in breadth, but without differentiation (Fig.2^). Different 
G.arboreum x G.hlrsutum 
(EmlDryo and endosperm development) 
Figs.18-25 
(Microphotographs) 
Fig. 18 L.S. of o-rule, 2h hours after cross 
pollination, showing entry of the 
pollen tube. X 225. 
Fig.19 Four celled proembryo, L.S. of ovule, 
h days after cross-pollination. 
X 200. 
Fig.20 Globular embryo, L.S. of ovule, 5 
days after cross pollination. 
X 260. 
Fig. 21 Degenerating globiaar embryo and 
free nuclear endosperm. 6 days 
after cross pollination. X 230. 
Fig.22 Degenerating embryo and endosperm, 
7 days after cross pollination. 
X 250. 
Fig.23 L.S. ovule, 10 days after cross 
pollination, showing completely 
degenerated embryo and endosperm. 
' X 100. 
Fig.2^ L.S. of 11-day-old ovule, showing 
undifferentiated embryo without 
endosperm. X 110. 
Fig.25 L.S. of 13-day-old ovule. Only 
one cotyledon is developing in 
the embryo. Note the collapsed 
embryosac. X 60. 
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ovules showed different stages of development on the same 
day. Thirteen days after cross-pollination a few embryos 
(^3 microns length and 255 microns breadth) with suppressed 
cotyledons were observed (Fig.25)j only the shoot apex was 
organized. Such poorly differentiated, big sized and abnormal 
embryos continued to occur each day after pollination in a 
limited number of ovules. Mature seeds also occasionally 
showed embryos of size of 1 to 2.5 nffli* Otherwise, a 
majority of seeds were empty or contained very small degenera-
ted mass of loosely arranged cells instead of embryos. 
Thus, it appears that there were no visible abnorma-
lities in embryos upto 5 days after cross pollination. Though, 
afterwards the size of the embryos was the same or even 
larger in some ovules (as compared to the selfed ovules), 
they showed nimerous abnormalities and finally the embryos 
degenerated»in-majtmity. _Qt^ cases, 
(^ ) Development of the endosperm: 
The primary endosperm nucleus divided between 32 
to ^ 8 hours after cross pollination. Two-day-old ovules 
showed h to 20 prominent nuclei in the endosperm. It will 
be seen from Table 8 that on an average, 621 nuclei were 
present in the endosperm, 5 days after cross-pollination. 
Abnormalities became visible in the endosperm only after 
this day. It was foimd almost as a rule that the first 
abnormalities appeared near the vicinity of the embryo. 
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Six-days after pollination endosperm showed degeneration 
of nuclei first just around the embryo (Fig.38). Abnormalities 
quickly progressed towards chalazal end. On 7th or 8th day 
there was little difference in the whole of the endosperm. 
Irregular divisions and fusion of nuclei were among the major 
abnormalities. The cytoplasm became very much dense 
(Figs.21,22). By the 10th day, a majority of the ovules 
showed endosperm as a degenerated mass (Fig.23). Only in a 
very few cases free nuclei of very abnormal size were seen 
in 9-10 day old ovules. Cell wall formation never took 
place. Sixteen days after pollination, when the endosperm 
was fully cellular in selfed ovules (Fig.37) the crossed 
ovules showed completely degenerated mass, which disappeared 
soon-after (Fig.39)• 
(5) Maternal tissue: 
The outer and inner integuments and nucellus were 
examined at different days after pollination (Figs.^3 to h$). 
There were no visible abnormalities in them which could be 
attributed to the failure of the endosperm or the embryos. 
Tannin deposition took place in the fringe layer between 
5-7 days after cross-pollination which disappeared in most 
of ovules by the 9th day (Fig.Mf). Sixteen-day-old ovules 
showed distinct healthy fringe layer (Fig.V5). Abnormalities 
such as difference in cell size and thickness of integuments 
were observed. These were probably secondary effects arising 
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from the failxire of embryo and enosperm development and 
the consequent absence of pressure on the integuments. 
The_average length of the mature crossed seed was 
6.5 mm. (Table 9) which was about 1.3 mm* less than that 
of the selfed seeds. The seed colour varied from dark 
brown (similar to selfed seeds) to yellow. 
b) G.hirsutuffl x G.arboreum; 
(1) Fruit setting: 
Out of 23^ crosses made, not a single fruit reached 
maturity. Most of the fruits dropped within 5 days after 
cross-pollination. Occasionally crossed bolls were retained 
upto 15 days, which*were stunted and smaller as compared 
to the selfed bolls or to its reciprocal cross. The percentage 
of fruit set in G.hirsutum x G.arboreum and its reciprocal 
cross is given in Table 6. 
r^ 
Table 6 
Percentage of fruit setting in reciprocal crosses 
among G.arboreum and G.hirsutum 
5 Number of 
Cross 5 crosses 
I made 
1Number of 
J bolls 
I harvested 
I Percentage 
J of 
I setting 
G.firboreum 
X 
G.hirsutum 
G.hirsutum 
G.arboreum 
257 
23^ 
2.3 
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(2) Fertilization: 
The pollen of G» arboreum germinated within half 
an hour on the stigma of G,hirsutum. Entry of pollen tubes 
was observed in some ovules within 2^ hours after cross-
pollination. Fertilization and triple fusion were delayed 
and took place between 32 to ^ 8 hours after pollination 
(Fig.26). Only about 50 percent of the ovules were 
fertilized. The percentage of ovules fertilized in 
G.hirsutum x G.arboreum and its reciprocal cross is given 
in Table ?• 
Table 7 
Percentage of ovules fertilized in reciprocal 
crosses between G.arboreum and G.hirsutum 
5 Number of 5 Number of t Percentage 
Cross J ovules J ovules I of 
I examined I fertilized I fertilization 
G.arboreum 
•" X 33 25 75-7 
G.hirsutum 
G.hirsutum 
~ X 52 26 50.0 
G.arboreum 
Thus, in this cross, as compared to G.arboreum x 
G.hirsutum, fertilization is somewhat delayed and less 
number-^of oviiles are fertilized. 
^ 
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(3) Development of the emtiryo: 
The division of the zygote was delayed and two 
celled proembryos were observed only in ^ -day-old ovules 
(Fig,27). Further divisions were quick and ^-day-old 
embryos were comparable in size to selfed embryos in a 
few cases (Fig.28). Embryo growth continued and 6-7-day-old 
ovules showed globular embryos (Figs.29»30). Cytoplasm of 
the cells of these embryos always took somewhat darker 
stain, and dark stained bodies appeared. The clear s3rmptoms 
of abortion of embryos were observed after 7 days of cross-
pollination. Nine to twelve-day-old ovules, in a ma;jority 
of cases, showed embryos which were undifferentiated and 
took a very dark stain (Figs.33»3^)» Fifteen-day-old ovules ,^  
showed completely degenerated embryos. Occasionally, 
differentiated embryos occurred in l5-day-old ovules (Fig.35)» 
which measured 3^J4- microns in length and ihh microns in 
breadth. Such embryos never occurred in the cross G.arboreum x 
G.hirsutum. In the present investigation further studies 
on the embryo development could not be made since abcission 
invariably took place, 15 days after cross-pollination, 
(h) Development of the endosperm: 
Endosperm development was very different in this 
cross. The primary endosperm nucleus divided between 32 to 
^8 hours after pollination. Two-day-old ovules showed 8 to 
22 prominent nuclei in the endosperm. Out of 36 ovules 
G« hlrsutmn x G. arboremn 
(Embryo and endosp¥rm development) 
Figs.26-30 
(Microphotographs) 
Fig.26 L.S. of ovule showing fertilized egg. 
Two days after cross-pollination. 
Fig.27 Two-celled proembryo L.S. of ovrale 
h days after cross-pollination. 
X 320. 
Fig.28 Globular embryo. 5 days after 
crpss-pollination. X 320. 
Figs.29-30 Six and seven day old embryos respec-
tively. Note the dark staining 
property of the cytoplasm, X 320, 
X 320. 
4*( , ( i 
k 
31 •^V ' 
V- ' 4^ V »w ,y 
I *^y:< 
4 
« 
<^' L. 28 
29 30 
23 
examined on this day, only one showed V8 nuclei. Table 8 
shows the number of endosperm nuclei present, 5 days after 
pollination. 
Table 8 
Average number of nuclei in the endosperm, 5 days 
after pollination, in G.arboreum x G.hirsutum 
cross and its reciprocal ~* 
J Number of T 
Cross J ovules I 
I examined I 
J Average number 
Range 5 of 
I nuclei/ovule 
G.arboreum 
X 
G.hirsutum 
G.hirsutum 
"" X 
G,arboreum 
8 
10 
^12-739 
89-31^ 
621 
221 
In a majority of cases, there was precocious cell 
wall formation in the endosperm, 5 days after cross polli-
nation. There was very little increase in the number of 
endosperm nuclei after this day. Abnormalities such as 
irregiilar divisions as judged by vinusually big metaphase 
plates indicative of varying degrees of ploidy were occasion-
ally observed. A limited number of 8-10-day-old ovules 
showed cellular endosperm containing about 300-^00 nuclei, 
while others showed very limited growth. Endosperm whenever 
/" 
G.hlrsutum x G._arboreum 
Embryo and endosperm development (Contd.) 
Figs.31-35 
(Microphotographs) 
Fig,31 L.S. of a six-day-old ovxile, showing 
fertilized egg, X 500. 
Fig.32 L.C. of the same ovule (Fig.31), show-
ing precociously formed cellular 
endosperm, X 330. 
Figs.33-3^ L.S. of 9 and 12-day-old ovules, show-
ing degenerated embryos. X 330, X 330. 
Fig*35 L,S, of a l5-day-old ovule showing 
differentiation of embryo. Integuments 
(not in the photograph) are completely 
collapsed. X I80. 
* / .^ ' 
- 34i 
35 
2h 
present persisted (even upto l5th day) more frequently, 
contrary to the situation in the cross G.arboreum x 
G.hirsutum where degeneration was a rule in 10-day-old 
OYv3.es* However, here also endosperm degeneration took 
place in large number of ovules. 
A six-day-old ovxile showed a fertilized egg (Fig. 31), 
the embryosac being filled with precociously formed cellular 
endosperm (Fig.32). Except this ovule no other ovule at 
any stage showed a massive endosperm without embryo of the 
type reported by Weaver (1957). 
(5) Maternal tissue; 
As compared to the reciprocal cross, the maternal 
tissue showed remarkable differences. Thickness of inner 
integument of 2^ --hours-old ovules was less as compared to 
selfed ovules (Fig.^9). The fringe layer showed a heavy 
deposition of tannin and starch, 5 days after cross-polli-
nation (Fig.50), which never disappeared. The pigmented 
layer also showed deposition of dark staining substances 
and the cell enlargement was comparatively less. In 10-day-
old ovules both the integuments took very dark stain and 
there was no differentiation of various layers. Lint develop-
ment was very poor. At the time of abcission (l5 days after 
pollination) the size of the ovule was one third as compared 
to selfed ovules and at this stage, the integuments looked „ •-
completely collapsed, although embryos showed differentia-
Endosperm 
Figs.36-37 - G.arboreumC Selfed) 
Figs, 38-39 - G. arboreiim x G.hirsutum 
(Microphotographs) 
Abbreviations: DE = Degenerated endosperm 
Fig.36 Freenuclear normal endosperm.(6 days 
after pollination) Nuclei showing 
more than one nucleoli. 
Fig.37 Cellular endosperm (16 days after 
pollination). 
Fig.38 Endosperm nuclei, 6 days after cross 
pollination, showing transition stage 
in degeneration, nuclei on top are 
just below the embryo (embryo not in 
the photograph) 
Fig.39 Completely degenerated endosperm 
16 days after cross pollination. 
• \ 
36 37 
^ # 
1l# 
38 
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tion and looked healthy (Fig.51). ^ 
Thus, it appears that due to the choaking of 
embryosac by dead maternal tissue there is no supply of 
food to the embryo and endosperm which causes death of 
the embryo by starvation. Finally, due to the failure of 
seed development abcission of fruits takes place. 
Data on the size of ovules in reciprocal crosses 
between G.arboreujn and G.hirsuttun at different stages of 
development are given in Table 9. IJ^  G.hirsutiun x G. arboreum 
cross the maximiM size of the ovule was attained 12-15 days 
after pollination. 
Table 9 
Size of the ovule (mm.) at different stages of 
development in reciprocal crosses among 
G.arboreum and G.hirsutum 
\ , . ... Ds^ yg aft^r polltoatipn ~_ 
Cross { -. I :,! ^ I -ir^ i -10 * Ti ^ m * I Q ' Mature i 1 { 3 { 6 ji 10 ji 12 ^ 13 ; 15 { 19 j seed 
G.arboreum 
" X 1.1 1.3 2,5 if.6 5.5 5.7 - 6.2 6.5 
G.hirsutum 
G.hirsutum 
X 1.^ 1.7 2.3 2.^ 3.0 - 3.J+ Abcission 
G.arboreum 
C! 
I 
P 
O 
iH 
0) 
> 
•p 
c 
tit 
-p 
I 
0 ) 0 1 
0) 
FH 
o 
,o 
u 
a 
a> 
(H 
o 
^ 
^ 0) 
o io i 
I I 
d 
o 
•H 
u m 
O P 
03 
^ a 
o 3 
U) 
CO 0) 
^ P 
fH 
bD«M 
O O 
P 
o 
P. 
4J 
c: 
PH (1) ^ 
S O ) 
oJ P 
H S3 
O 
a> 
bC II 
^ O 
I I P 
C 
0) 
^ 
S a> S p 
P - H 
O fi 
-d <u 
II 
Q 
•H 
•H 
c\Jlr\ 
-d--± 1 1 
s:? 
• • CO (0 
<30 bO 
• H - H { ^ ( ^ 
O 
U 
O 
•H 
s > . • 
• • 
Ui 
a o •H 
-p 
a T* 
>> 
? U 
.o 
,o 
•< 
-d 
nSH 
O 
<i-« 1 
O w 
^ 
> ?( 
0) O 
•Ha 
> 
-d-
-dcvJ 
© 
bOCtf 
bO 
p 
•H 
!H 
O 
«^  p 
ci (V 
1 
•H 
-P 
a 
a •H 
H 
0) 
g^  
•H 
P 
C (U 
1 
<0 
(/} 
o 
^ 
o 
o p, 
u 
0) 
a 
03 
-d 
p 
0) 
bO 
a> 
p 
0) 
O 
> 
0) 
•H 
> 
bO • 
H H 
Ui 
ON 
g X 
S X 
5 
* bO 
•H 
^ 
5? 
• bO 
•H 
pci 
cvi 
J -
• bO 
•H 
pq 
• bO 
•H 
Pt, 
5 
• bO 
•H 
pc, 
VN 
• bO 
•H 
Pc« 
/ • ' - ^ > *r -* * 
'"«(V^'*-->-- ^ -—•*»<!#,,' r»*v 
•^'• i '%wi»i**«»^l#| l»H 
«« 
^ 
^ 
^> r--=v 
> • - f ro 
4J 
a 
& p 
o 
H 
0) 
-P 
ttf 
y^ O 
H • 
<DO| 
01 
w 4^ 
1:5 
(0 
I I 
COr-i 
I I 
• • 
•H-H 
-P 
a 
uo 
0) 
-p 
c 
•H 
CH 
O 
m 
C 
o 
•H 
-P 
^ 
O ft 
o 
u 
ft 
O 
-P 
o 
J3 
ft 
o 
u 
o 
•H 
0) 
Q) H 
of o 
H 3 
0) 
•H 
fx, 
If 
II 
H P 
ft-H 
W 
CD 0) 
II 
tiDU) (P <D 
P 
C 
H 
O PI U 
Q) 0) 
C -P 2 P 
H O 
^ 
II II 
O 
c: 
o 
•H 
-p 
•H 
i 
2 
CO 
0) 
•H 
-p 
bOO 
Q) CM 
sq o 
•H -P 
O ' H 
o o 
•H ft 
-P 
O 
ft+> 
s 
• bO 
i: 
s^  
• 00 
& 
00 
J-
• ttO 
•H 
li* 
J -
• bO 
•H 
O 
• to 
•H 
Pci 
cl 
• 
M 
H 
» *> ^-v-. 
» % • ^ » 
o 
•« V 
vp 
^ 
SK^m* 
26 
(III) Studies on grafting between G.arbore-um ajid G.hirsutum: 
Reciprocal grafting between G.hirsutum and 
G«arboreum was done during the years I962, 1963 and 1965. 
The data regarding the morphological features, total number 
of grafts made and the percentage of success obtained are 
given in Tables 10 and 11. The data in Table 10 relate to 
the grafts made with G.arboreum as root stock and G.hirsutum 
as scion. 
Table 10 
Percentage of successful grafts of G.hirsutum 
grafted onto G.arboreum in different years 
1 5— — 5 
Year 5 Number of J Number of i Percentage 
I grafts made x grafts set * setting 
1962 
1963 
1965 
18 
78 
53 
k-
k 
9 
22.2 
17.9 
16.9 
Total lh9 27 18,1 
It is clear from the data that the percentage of 
grafts set each year was approximately similar. The average 
survival percentage was quite low (I8.I). The growth of 
such plants was stunted (Fig,53) and each plant bore only 
a few flowers. The pollen fertility was normal. Flowers 
when selfed showed normal seed setting. However, the size 
of the fruits was always smaller than in the ungrafted 
Figs.52-53 
Reciprocally grafted plants of G.arboreura 
and G.hirsutm (At flowering stagF5 
Fig.52 G.arboreum grafted onto G.hirsutum, 
Fig»53 G.hirsufum grafted onto G.arboreum. 
Note the stunted growth and only 
few branches. 
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plants. These grafts coxild not be made to remain perennial. 
The percentage of successful grafts when G.hirsutum 
was used as root stock and G.arboreum as scion is given in 
Table 11, 
Table 11 
Percentage of successful grafts of G.arboreum grafted 
onto G.hirsutum in different 
" years 
T 1 1 
Year i Number of i Number of * Percentage 
X grafts made § grafts set Y setting I ^'•^'--^-^^ I s^----^^^ --' I 
1962 
1963 
196? 
18 
79 
50 
Ih 
55 
36 
77.7 
69.6 
72.0 
Total lh7 105 71.^ 
The grafts »took* quickly in this combination. The 
growth was normal (Fig.52) and there was profuse flowering. 
Pollen fertility, fruit and seed set were normal. Table 11 
shows that the average survival of grafts in this combination 
was 71.^ which is much higher than its reciprocal. Since 
these differences have been observed during three different 
years, it appears that reciprocal differences exist in the 
extent of graft compatibility. The grafts take more readily 
when the tetraploid parent is the root stock. The progenies 
of the scions did not reveal any hereditary effect of the 
stock on the scion. 
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(IV) Fruit setting In different crosses Involving grafted 
plants t 
There was marked increase in the percentage of 
fruit setting in the cross between grafted G.arboreum x 
G.hirsutum (23.7^) as compared to the normal cross 
G.arboreum x G.hirsutum (2*3%), There was no further 
increase in fruit setting in crosses between grafted 
G.arboreum x grafted G.hirsutum (2k;k%), (Table 12). 
Table 12 
Percentage of fruit setting in different crosses 
involving grafted plants 
I Number of 5 Number of J Percentage of 
Cross I crosses J bolls J fruit 
K made I harvested l setting 
Grafted G.arboreum 
"" X 2Mf 58 23.7 
G.hirsutum 
Grafted G.arboreum 
" X 98 2^ 2k,k 
Grafted G.hirsutum 
Grafted G.hirsutum 
X 6lf 0 0 
G.arboreum 
Grafting did not induce any enhancement in the 
fruit setting in the reciprocal cross i.e. grafted 
G.hirsutum x G.a,rboreum over the cross G.hirsutum x 
G.arboreum. 
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(V) Seed develo-pment in different crosses Involving 
grafted parents: 
a) Grafted G.arboreum x G.hirsirtum. 
(1) Fertilization: 
Pollen tube was observed in the oviae within 2h 
hours after pollination, Syngamy (Fig.5^) and triple 
fusion took place between 2^-32 hours after pollination. 
About 65 percent ovules were fertilized (Table 13). This 
figure was approximately the same as in the cross 
G.arboreum x G.hirsutum (7^»7 percent). 
(2) Development of the embryo: 
In general, the development of the embryo remained 
the same as in the cross involving ungrafted G.arboreum x 
G.hirsutum. The zygote divided three days after pollination. 
Quadrants to octants were observed within four days after 
pollination (Fig.55)• Globular embryos were seen on the 
5th day. Abnormalities appeared in the embryo, 5 days after 
pollination. The embryos failed to grow in a large number 
of ovules in the same way as in the cross G.arboreum x 
G.hirsutiim. Fig.56 shows a degenerated embryo (9 days after 
pollination). A large number of ovules were examined on 
different days after pollination. Ovules after 12, 16, 19 
and 27 days of pollination respectively, showed that there 
was no differentiation of embryo (Figs.61 to 6^). Abnormali-
ties like formation of callus (Fig.63), degeneration of 
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certain portions, deposition of dark staining material 
at the apical meristem of the root (Fig.6^), continued to 
appear in the embryos as in the cross ungrafted G.arboreum x 
G.hirsutum. 
Therefore, grafting did not induce any stimulation 
in the growth of the embryo, but it helped indirectly in 
getting a large number of big-sized abnormal hybrid embryos 
as a result of increased fruit setting. 
(3) Development of endosperm; 
A comparison of endosperm nuclei, 5 days after 
pollination, with the cross G.arboreum x G.hirsutum 
(range, ^ 12-739; Av. 621; Table 8) showed very little 
increase (range, ^ 97-837; Av. 76k-', Table ih). 
Abnormalities in the endosperm which appeared in 
the cross G.arboreum x G.hirsutum 5 days after pollination 
appeared here 10-12 days after pollination in a majority 
of ovules. The fact that the first abnormalities appeared 
in the vicinity of the embryo was more clear in this cross. 
In 10-day-old ovules (Fig.57), at the micropylar region, 
an undifferentiated degenerating embryo was surrounded by 
the endosperm which showed abnormalities like fused nuclei 
and dark stained cytoplasm. At the chalazal end of the same 
ovule the nuclei were very healthy and showed vigorous nuclear 
divisions (Fig,58). The cytoplasm took normal staining till 
this day. Twelve-day-old ovules showed healthy and normal 
• Grafted G.arboreum x G.hlrsutma 
(Embryo and endosperm development) 
Figs.5^-60 
(Microphotographs) 
Abbreviations: Em = Embryo> En = Endosperm. 
Fig.5V A fertilized egg, L.S. of an 2^ hoxir-old 
ovule. X 250. 
Fig.5^ Globxaar embryo (Octant), L.S. of an 
^-day-old ovule. X 250. 
Fig.56 L.S. of an 9-day-old ovule showing 
degenerated embryo. X 100. 
Fig.57 A portion of L.S. of an 10-day-old 
ovule showing degenerated embryo 
surrounded by the abnormal endosperm 
(Micropylar region), X 250. 
Fig.58 A different section of the same ovule 
(Fig.57) showing actively dividing 
nuclei at the chalazal end. X 300* 
Fig.59 Healthy normal looking free nuclear 
endosperm, 12 days after pollination. 
X 300. 
Fig.60 Endosperm showing dark stained 
cytoplasm, endosperm on its ^aay of 
degeneration, l^f days after polli-
nation, X 250. 
< • / ->• 
^ ^ ^ 
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Grafted G. arborevan x G.Mrsutum 
(Embryo development! 
Figs . 61-61+ 
(Microphotographs) 
Figs.61-62 L.S. of 12 and l6-day-old ovioles respec-
t ive ly , showing undif ferent ia ted 
embryos» X 70, X 70. 
Fig.63 Callusing (-*) of a 19-day-old embryo. 
L.S. of ovtile. X 50. 
Fig.61f Deposition of dark s ta in ing mater ia l 
a t the apical meristem of the root 
( -*) , Kote the collapsed embryosac 
cavi ty . 27 days a f t e r po l l i na t ion . 
X 50. 
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looking nuclei (Fig. 59). The endosperm never "became cellular. 
The cytoplasm became dark in 1^-day-old oTules (Fig.60). 
Subsequently the endosperm failed to grow but took longer 
period for its degeneration. 
The maternal tissue did not show any significant 
change than what was observed in the cross G.arboreum x 
G.hirsutum. Size and colour of the mature seed also remained 
the same. 
b) Grafted G.arboreum x Grafted G.hirsutum. 
Fertilization and triple fusion took the same time 
as in the cross grafted G.arboreiim x G.hirsutum. About 68 
percent of the ovules were fertilized (Table 13). 
Table l"^  
Percentage of ovules fertilized in different 
crosses involving grafted plants 
I Number of ! Number of 5 Percentage 
Cross i ovules 5 ovules 5 of 
I examined i  fertilized I fertilization 
Grafted G.arboreum 
" X -^6 30 65.2 
G,.hirsutum 
Grafted G.arboreum 
X 31 21 67.7 
Grafted G.hirsutum 
Grafted G.hirsutum 
"" X 30 1^ ^6.6 
G.arboreum 
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Normal globular embryos were observed, 5 days 
after pollination (Fig,65). Abnormalities appeared after 
this day in a similar manner as in the cross G.arboreum x 
G.hirsutum and grafted G.arboreiun x G.hirsutuun. Nine to 
fourteen days after pollination the ovules showed the 
degeneration of embryos (Figs.67,68). 
Ten-day-old ovules showed active division of endos-
perm nuclei (Fig.66), Abnormalities appeared by 10-1^ days 
after pollination and finally the endosperm failed to grow. 
The maternal tissue remained unchanged. 
There were no visible differences in the embryo and 
endosperm development between the crosses grafted G.arboreum x 
G.hrisutum and grafted G.arboreum x grafted G.hirsutum. 
c) Grafted G.hirsutum x G.arboreum; 
Fertilization (Fig.69) and triple fusion were 
observed between 32 and ^8 hours after pollination. About 
k-7 percent ovules were fertilized (Table 13). Embryo develop-
ment was normal upto 5 days after pollination. After 5 days 
embryos took somewhat dark stain (Fig.70). By 10th day 
embryos were almost completelj^ degenerated (Fig.71). Occasion-
ally differentiated embryos occurred as in the cross 
G.hirsutum x G.arboreum. Abcission of fruits invariably 
took place by the l5th day. 
The endosperm showed precocious wall formation, 5 
days after pollination and did not show any significant 
difference in the number of nuclei (Table 1^) as compared 
Grafted G. arboreiim x Grafted G«hirsutum 
(Embryo"'and endosperm development) 
Figs.65-68 
(Microphot©graphs) 
Fig.65 Globtaar embryo. L.S. of an 5-day-old 
ov\ale. X 620. 
Fig.66 Actively dividing endosperm nuclei 
10 days after pollination. X 800. 
Fig.67-68 L.S. of 9 and iV-day-old ovtaes 
showing abortion of embryos. 
X 500, X 150. 
n^^:i^ ' ^ 
V 
\ 
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to the cross G.hirsutum x G.arboreum (range, 89-31^; Av.221; 
Table 8 ) . 
Table ih 
Number of endosperm nuclei (5 days after pollination) 
in grafted G.arboreum x G.hirsutum and its reciprocal 
cross 
l~Number~"of T 
i ovules $ 
il examined I 
Cross 
5 Average No, 
Range J of 
\ nuclei/ovule 
Grafted G.arboreum 
X 
G.hirsutum 
Grafted G.hirsutum 
X 
G.arboreum 
10 V97-837 
76-289 
76h 
213 
Sometimes the precociously formed cellular endosperm 
surrounded the embryo but it never became massive (Fig.72). 
Deposition of tannin and starch took place in the 
outer integument and fringe layer, 5 days after cross-polli-
nation. It gradually increased and finally the integioments 
became an undifferentiated mass of tissue. 
Thus, grafting did not induce any marked changes in 
seed development as compared to the cross G.hirsutum x 
G.arboreum. 
Grafted G.hirsutmn x G.arboreum 
(Embryo and endosperm development) 
Figs,69-72 
(Microphotographs) 
Fig.69 Fertilized egg. L,S. of an 32 hours 
old oTule. X 350. 
Fig.70 6-day-old embryo. X 500. 
Fig.71 Almost completely degenerated 
embryo, 10 days after pollination. 
X 250. 
Fig.72 L.S. of 8-day-old ovule shoving 
precocious cell wall formation in 
the endosperm C^). X 350. 
i 
69 
\ 
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(VI) Modification in fruit setting as induced by mixed 
pollination; 
Ter-Avenesyan (1959) had suggested a mixed pollina-
tion method for overcoming interspecific incompatibility. 
Firstly, the species to be used as the female parent is 
pollinated with an extremely small quantity of its own pollen. 
This is then followed after sometime by the application of a 
large quantity of desired pollen. About 15-20 pollen grains 
(on the tip of the arrowhead needle) from the flowers of the 
female parent were applied on the stigma and after half an 
hour or sometimes inmiediately, pollen from the male parent 
was applied. Crosses between G.arboreum x G.hirsutum and its 
reciprocal were made. This method restilted in a higher fruit 
setting (Table 15) as compared to the straight crosses 
(Table 6), probably because of self-pollination caused by 
the small number of pollen grains placed on the stigma. 
Table 1^ 
Percentage of fruit and seed setting in crosses 
among G.arboreum and G.hirsutum by mixed polli-
~ nation 
i Number of J Number of ji Percentage J Total number 
Cross J crosses I bolls 5 of fruit J of seeds 
I made g harvested I setting ii obtained 
G,arboreum 
X 1001 326 32.5 ^189 
G.hirsutum 
G.hirsutum 
X 251 9^ 37.8 860 
G« arbor e\m 
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In the cross G.arboreum x G.hirsutum out of ^ 189 
seeds obtained, 637 were dark iDrovm (similar to selfed seeds), 
1279 light brown and 2273 were small shrivelled and yellowish. 
In the reciprocal cross out of 860 seeds, 721 were large 
dark brown (similar to selfed ones) and 139 were smsuLl and 
dark coloured. All these lots of seeds were sown in pans 
in the month of June, 1965. Only the dark brown seeds 
germinated in both the crosses. Out of several hundred 
seedlings transplanted in the field none was identified as 
a hybrid plant. As revealed by the embryological studies, 
the possibility of having hybrid embryos in the light brown 
and yellowish seeds can not be ruled out. But the size of 
the embryos was not large enough to germinate in the normal 
way. However, it is important that out of 3500 seeds 
(leaving dark brown seeds as selfed ones) none gave a 
hybrid when sown in the usual way. 
A fresh set of crosses was made in 1965 and a dependa-
ble method of screening these seeds for hybrid and selfed 
embryos was developed. This is described under the title 
"Radiography of seeds", 
(VII) Fruit setting in crosses with induced auto-tetraploidst 
Chromosome number was doubled in G« arboreum var. 
231R with different concentrations and duration of colchicine 
treatment (Table 16 and 17). Dry as well as soaked (in water 
for 2h hours) seeds were treated. 
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Eight plants were cytologically confirmed to have 
2n = 52. The tetraploid plants were characterized "by slower 
growth, broader leaves, vigorous plant size, more hairy 
leaves and stems, "bigger tracts and petals and delayed, 
reduced, but prolonged flowering. Pollen fertility ranged 
from 15 percent to 31 percent in different plants as Judged 
by the stainability of pollen by acetocarmine. Tetraploid 
plants were completely sterile and did not set a single 
fruit. 
Table 16 
Resiilts of colchicine treatment of soaked (2^ hours of 
presoaking in water) seeds of G.arboreum var. 23TR 
Percentage} Duration J Number J Number I N-uraber I Number of 
of colchi-J of treatJ of seeds J of seeds J of 5 tetraploid 
cine i ment 5 treated J[ germi- ( normal J plants 
solution I (Hours) i J nated ii plants I 
0.025 
0.05 
8 
12 
18 
2h 
kQ 
k 
8 
12 
*18 
2if 
15 
^5 
15 
15 
15 
15 
15 
15 
15 
10 
11 
8 
10 
8 
6 
13 
11 
9 
10 
5 
10 
8 
If 
If 
0 
13 
7 
7 
0 
2 
1 
0 
6 
h 
6 
0 
2 
2 
10 
3 
* This treatment gave the maximxim number of plants, 
and hence was used in subsequent years. 
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Out of 32 crosses made, not a single fruit was 
set in the cross G.hirsutum x G.arboreum (hx) and the 
flowers were shed on the 3rd day. This indicates that 
probably there was no fertilization. However, in the reci-
procal cross i.e. G.arboreum (hx) x G.hirsutum. out of ^ 9 
crosses made 8 bolls were harvested (16.3 percent fruit 
setting). These 8 fruits gave 55 plump dark brown seeds. 
Such healthy looking seeds were not available in 2n x ^ n 
cross. These seeds were carefully dissected under sterile 
conditions for culturing the hybrid embryos in-vitro. But 
none of these seeds had an embryo which could grow into a 
plant. 
Table 17 
Results of colchicine treatment of dry delinted 
seeds of G. arbore\mi var.231R 
Percentage! Duration! Number J Number J Number i Number of 
of colchi-J of treat j of seeds J of j[ of i tetraploid 
cine i ment 1 treated J seeds i normal 5 plants 
solution 5 (Hours) Ji < germina-l plants J 
i i i ted < i 
0.05 
0,1 
0.2 
12 
18 
2i»-
12 
16 
2h 
12 
16 
18 
1? 
15 
15 
15 
15 
15 
15 
15 
15 
9 
9 
h 
6 
8 
3 
3 
2 
0 
9 
9 
1 
h 
6 
1 
1 
0 
0 
0 
0 
3 
2 
2 
2 
2 
2 
0 
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B. Fruit setting and seed develQ-pment In G.arboreum 
var. K,5 and G.raimondii and reciprocal crosses 
between them 
Materials for these studies were grown at the 
I.A.E.I. Regional Research Centre, Coimbatore, as 
G.raimondii did not flower tinder Delhi conditions. Selfing 
and crossing were done during the month of February, 1966. 
Materials on different days after pollination were fixed 
and brought to Delhi for further studies, G.arboreum 
var. K.5 was used in this study for crosses with G.raimondii. 
Since G.arboreum var. K.5 was a different variety and grown 
under different environmental conditions it was necessary to 
study this again as environmental factors are known to 
influence fruit setting and embryological studies. 
(I) Fruit setting in parents G.arboreum and G.raimondii 
and in reciprocal crosses""between them; "* 
Selfing was done in each species to determine the 
percentage of boll setting. Out of 115 and 93 flowers 
selfed only 37 and 22 mature bolls were harvested in 
G.arboreum and G.raimondii respectively (32.1 and 23.6 
percent fruit setting, Table 18). 
In the cross G.arboreum x G.raimondii. out of 89 
crosses made 27 bolls were harvested (30.3 percent fruit 
setting). This percentage is as high as in selfed G.arboreum. 
The fruit and seed size, seed colour, seed fertility and lint 
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development were also similar to selfed G.arboretun. In 
the reciprocal cross i.e., G.raimondii x G.arborem out 
of 108 pollinations made not a single fruit was set. 
Abcission took place, 3 days after pollination. Occasionally 
fruits were retained upto 5 days after pollination (Table 18), 
Table l8 
Percentage of fruit setting, seed fertility in 
G.arboreum var. K.^ and G.raimondii and reci-
"" procal crosses between them 
Cross 
J N u m b e r i Number i Percent-i Number 
5 of i of J age of jl of 
( flowers J bolls i fruit i seeds per 
i polli- i set Ji setting J boll 
II n^ted i i i 
G.arboreum (Selfed) 11? 37 32.1 1? 
G.raimondii(Selfed) 93 22 23.6 15 
G.arboreum 
~ X 89 27 30.3 16 
G.raimondii 
G.raimondii 
X 108 0 0.0 0 
G.arboreum 
G.arboreum 
" X ?0 18 36.0 16 
G.raimondii 
(Mixed pollination) 
G.raimondii 
*" X IfO If 10.0 13 
G.arboreum 
TMixed pollination) 
ko 
With the help of the mixed pollination method 50 
pollinations gave 18 mature fruits (36 percent fruit setting) 
in the cross - G. arboreum x G.raimondii. In the reciprocal 
cross i.e. G.raimondii x G.arboreum, out of kO pollinations 
made only h mature fruits were harvested (10 percent fruit 
set), (Table I8). 
(II) Seed development in parents; G>arboreum and G.raimondii 
(i) Fertilization; 
In G.arboreum germination of pollen grains took 
place immediately eufter pollination (Fig.73). The pollen 
tube reached the ovule 2h hoin*s after pollination. Fertili-
zation and triple fusion took place between 2^ and 28 hours 
after pollination. Out of 7k ovules studied 67 showed 
fertilization (91 percent. Table 19). In G.raimondii only 
a few pollen tubes travelled down the style right upto the 
attachment of the ovary in 2U- hours after pollination. 
Fertilization (Fig.7^) and triple fusion took place between 
32-36 hours after pollination. Out of 110 ovules examired, 
62 showed fertilization (56 percent, Table 19). 
(ii) Development of the embrvot 
Development of the embryo was similar in both the 
species. Fo\ir-day-old ovules showed two-celled proembryos. 
Quadrants to octants were observed 5 days after pollination 
(Fig.75). Fifteen to twenty celled globular embryos (Fig.76) 
Embryologlcal studies 
Fig.73 - G.arbore\an var,K.5(selfed) 
Figs.7^-77 - G.raimondii (selfed) 
(Microphotographs) 
Fig.73 L.S. of stigma, 2^ hours after 
pollination showing growth of 
the pollen tubes. X ^f^ . 
Fig.7^ L.S. of ovule, 36 hours after 
pollination, showing fertilized 
egg and pollen tube. X ^ 80. 
Figs.75-76 L.S. of 5 and 6 days old ovules 
showing a portion of octant and 
a few celled globular embryo, 
respectively. X ^ 8o, X ^ 80. 
Fig.77 L,S, of a globular embryo, 9 days 
after pollination, X 36O. 
4' 
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were observed in 6-d.ay-old ovules. Embryos became massive 
(Fig.77 - 9 days after pollination). After the differen-
tiation of cotyledons (Fig.78, 11 days after pollination), 
the general development of the embryo was the same as 
observed in G. arboreum var. 231R and G.hirsutum var H.l^ f. 
Figs.79,80 (15 and 20 days after pollination) show the 
appearance of root and shoot apex, provasciO-ar tissue, 
resin canals and leafy cotyledons. 
In G.raimondii occasionally degeneration of embryo 
and endosperm was noted in selfed oviiles (Fig.9^j 10 days 
after pollination). Mature seeds also showed somewhat 
shrivelled embryos (Fig.97). 
(iii) Development of the endosperm; 
The endosperm contained 10 to 15 nuclei, ^ 8 hours 
after pollination in both the species. Several hxindred 
nuclei were found by the 8th day. Cytokinesis took place 
first in the micropylar region within 8 to 9 days after 
pollination. Within l^f to l5 days, cellular endosperm 
filled the embryosac. With the development of the embryo, 
endosperm was slowly consumed and the mature seed was almost 
completely devoid of endosperm. 
The structure of the integioment of G.raimondii 
and G.arboreum was the same as observed in G.arboreum 
var. 231R. 
G.raimondii (Selfed) 
("Embryo development ) 
Figs.78-80 
(Microphotographs) 
Fig.78 L.S. of 11-day-old ovule showing 
post hear t shaped embryo. X IMD. 
Figs.79-80 L.S. of 15 and 20-day-old ovules 
respec t ive ly , shov/ the root and 
shoot apex, provasctolar s t r ands , 
res in canals and leafy cotyledons, 
X 50, X 35. 
* • .' v« 
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( I I I ) Seed development In reciprocal crosses between 
G.arboretm var . K.5 and G.ralmondli 
a) G.arborem x G,raimondii; 
(i) Fertilization: 
About 85 percent pollen grains of G.raimondii germi-
nated on the stigma of G» arboreum. Pollen tubes travelled 
the style (Fig.8l) and entered the oviHe, 2^ hours after 
pollination. Fertilization and triple fusion were delayed 
by ^  to 8 hours as compared to selfed G,arboreum. Out of 
8l ovules examined 58 showed fertilization (72 percent, 
Table 19). 
Table 19 
Percentage of ovules fertilized in G.arboreum and 
G.raimondii and reciprocal cross"es between 
them 
I Niimber of I Niunber of J Percentage 
Cross i ovules i ovules i of 
i examined j fertilized ji fertilization 
G.arboreum (Selfed) 7^ 6? 91 
G.raimondii(Selfed) 110 62 56 
G.arboreum 
" X 81 58 72 
G.raimondii 
G.raimondii 
X 102 0 0 
G.arboreum 
^3 
(ii) Development of the embryo: 
Three days after pollination only the zygote was 
observed (Fig.82). Two-celled proembryos were obaerved 
in four-day-old ovules. Small globular embryos were 
observed 5 days after pollination. On this day some embryos 
were looking normal whereas others showed abnonnalities such 
as a dense cytoplasm (Fig.8^) and improper organisation as 
compared to selfed embryos. Abnormalities became apparent 
only between 6 to 8 days (Figs.85,86, 7 and 8 days after 
pollination) when embryos showed lack of differentiation 
and took very dark stain. Such abnormalities led to the 
abortion of embryos (Figs. 87,88, 11 and 19 days after polli-
nation) . 
Each day after pollination, occasionally?ovules 
showed embryos which were (though not completely normal) 
differentiated to the extent of giving rise to true hybrids 
(Figs.89,90, 19 and 22 days after pollination). Although 
most of the mature seeds were empty, a few contained embryos 
which were one third or even halt the size of the selfed 
embryos. Mature seeds were screened by radiography for the 
presence of hybrid embryos. 
(iii) Development of the endosperm; 
Two-day-old ovules showed 6 to 8 nuclei in the 
endosperm. The endosperm looked normal upto h days after 
pollination (Fig.83), Abnormalities such as nuclei of 
G.arboreum x G.raimondil 
(Pollen germination, embryo and endosperm development) 
Figs.81-86 
(Microphotographe) 
Fig.81 L.S. of stigma of G.arboreum 
showing normal growth of pollen 
tubes of G.raimondii, 1 day 
after pollination. X 60. 
Fig.82 L.S. of ovule, 3 days after 
pollination, showing fertilized 
egg. X 680. 
Fig,83 Normal looking endosperm nuclei, 
h days after pollination. X 60O. 
Fig.8»f L.S. of ovule, 5 days after 
pollination, showing dark 
stained embryo and endosperm. 
X 230. 
Fig.85-86 L.S. of 7 and 8-day-old ovules 
respectively, showing degenera-
ting embryos. X 210, X 250. 

G« arboreum x G.raimondii 
(Bmt)ryo""and endosperm development Contd.) 
Figs.87-90 
(Microphotographs) 
Figs.87-88 L.S. of ovules, 11 and 19 days 
after pollination, respectively-
showing aborted embryos and 
endosperm. X 250, X 175. 
Figs.89-90 L.S. of 19 and 22-day-old embryos 
respectively, showing differen-
tiated cotyledons, shoot and 
root apex and provasciilar strands, 
X 30, X 30. 
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abnormal size and dense cytoplasm appeared 5 days after 
pollination (Fig,8^). After this period the endosperm 
became quite abnormal. Ten-day-old ovriLes showed almost 
degenerated endosperm. However, occasionally healthy 
endosperm nuclei were seen in 10 to 15-day-old ovules. After 
which the endosperm practically disappeared. The endosperm 
never became cellular at any stage. 
The maternal tissue did not show any obvious abnor-
malities which could be the cause for the failure of endos-
perm or embryo development. 
I 
b) G.raimondii x G.arboreum; 
Pollen grains of G.arboreum germinated well on the 
stigma of G.raimondii (Fig.91). The growth of the pollen 
tube was probably slower as no traces of pollen tubes were 
found in the (36 hours after pollination) stylar portion 
attached to the ovary (Fig.92). Stigma, style and stamina! 
column were almost dried up, ^ 8 hours after pollination. 
After this period occasionally, pollen tubes were observed 
at the base of the style but none of the ovules showed 
the entry of the pollen tube in the ovule (Pig.93). As a 
result of this, most of the flowers were shed between 3 
to 5 days after pollination. 
The size of the style of G.raimondii is about 3.5 cm, 
as compared to G,arboreum where it is only 1,6 cm. Therefore, 
it appears that the pollen tubes of G.arboreum as a result 
Figs.91-93 - G.raimondii x G.arboreum K,5 
Fig.9lf - G.raimondii (Selfed) 
(Microphotographs) 
Fig,91 L.S. of G.raimondii stigma, 2^ hours 
after pollination, showing normal 
growth of pollen tubes of G.arboreum 
K.5. X 50. 
Fig.92 L.S. of style (basal portion), 36 
hours after pollination, showing 
no trace of pollen tubes as a 
result of slower growth of pollen 
tubes of G.arboreum. X 50• 
Fig.93 L.S. of ovule, h days after polli-
nation, without any trace of pollen 
tube. X 150. 
Fig.9^ L.S. of a 10-day-old ovule showing 
degeneration of embryo and endosperm. 
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of the slow growth in the longer style of G.raimondll 
fail to effect fertilization. 
C. Radiographic Screening of F-, See_ds 
Mature selfed seeds of Gossypium hirsutiim, 
G.arboreum and G.raimondil and also the F, seeds obtained 
by crossing grafted G.arboreum x G.hirsutum, G.arboreum x 
G.raimondil and G.arboreum x G.raimondii (mixed pollina-
tion) were used in this study. 
The radiographs revealed the internal anatomical 
structural details, showing the extent of development of 
the embryo and cotyledons. The radiographs of selfed seeds 
of the different species showed the following characteristics. 
i) G.hirsutum; Seeds were bold, oval and all the 
seeds showed the embryo and cotyledons filling the seed 
cavity showing thereby that the seeds are potentially viable 
and normal (Fig.95)• 
ii) G.arboreum: Seeds were medixim sized, oval to 
roundish; all the seeds showed normal development of embryo 
and cotyledons as the seed cavities were fully covered by 
the well developed embryos (Fig.96). 
iii) G.raimondii; Seeds were small, mostly tri-
angular in shape, roundish at times; 72 percent of the seeds 
showed normal and fully developed embryo and cotyledons, 
whereas, the rest 28 percent showed gradations of xmder-
developed embryo and cotyledons (Fig.97)• 
Radiographs 
Fig.95 G.hirsutiuD. Viable seeds with 
fTJlly developed embryos. 
Fig.96 G.arboreum, Viable seeds with 
ful ly developed embryos. 
Fig.97 G.raimondii. Viable seeds with 
developed embryos. 
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The Fn seeds which were obtained by crossing 
different species of GossyDium presented an interesting 
picture, when their radiographs were analysed (Table 20). 
a) G.arboretM x G.raimondii; 
Gut of 305 seeds obtained in this cross, 96.75^  
of the seeds were found to be empty as there was no develop-
ment of the embryo to any appreciable extent. Only 1.65^  of 
the seeds showed normal and full development of the embryo 
with cotyledons; 1,7% of the seeds showed less developed 
embryos without normal cotyledons and endosperm development. 
^) G.arboreum x G.raimondii (mixed pollination): 
In this particular cross 96 seeds could be obtained 
out of which 68.7/^ of the seeds were found to be absolutely 
empty showing no trace of embryo or endosperm development, 
and the rest 31»35^  of the seeds were normal and showed full 
embryonal development. 
c) Grafted G.arboreum x G.hirsutum: 
32 seeds were radiographed in this cross combina-
tion and it was noted that 87.5^ of the seeds were empty, 
9.^ percent of the seeds showed undifferentiated embryos 
and the rest 3»1 percent of them had fully developed and 
normal embryos with cotyledons. 
All the seeds which showed normal development of 
the embryo and cotyledons in the radiographs were then 
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Table 20 
Frequency and number of seeds with well developed, 
undifferentiated less developed embryos and empty 
seeds 
1. 
2. 
3 . 
G, 
G. 
G. 
Material 
.hirsutum 
, arboreian 
,raimondii 
I Frequency and No.of 
i Well 
{ develop-
i ed 
J embiyo 
\ with 
i co ty le-
\ don^ 
ifO 
(loojg) 
50 
(100?S) 
36 
(72.0^) 
seeds 
5 UndifferJ 
• i-entiatedjl Empty 
i l e s s i seeds 
jldevelopedji 
j[ embryo 5 
0 
0 
(28jg) 
0 
0 
0 
with 
I 
i 
i 
i 
i 
i 
Total 
ifO 
50 
50 
h* G.arboreum 
G,raimondii 
5« G.arboreum 
z 
G»raimondii 
Tmixed pollination) 
6, Grafted G.arboreum 
"" X 
G.hirsutum 
5 5 295 305 
U.e%) il.7%) (96.7^ ) 
30 0 66 
(31.3^) (68.7^) 
1 3 28 
(3.1JS) (9.W (87.5JS) 
96 
32 
picked up and sown in pots. These seeds were then invariably 
found to be selfed. However, the seeds showing less develop-
ed embryos and cotyledons or imdifferentiated embryos were 
dissected individually under aseptic conditions and cultured 
in-vitro. 
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In the cross G.arborejm x G.ralmondil out of 5 
seeds (Table 20) dissected, two did not germinate. The 
,.rest^  three (Figs.99-101) germinated but only one (Fig.99) 
survived past the seedling stage. The plant proved to be 
a hybrid. 
In the cross G.arborexim x G. raimondii (mixed polli-
nation) the seeds were either empty or selfed. 
In the cross grafted G.arboreum x G.hirsutum out of 
the three embryos (Figs.102-10^), the dissected one (Fig.102) 
did not germinate while the second one (Fig. 103) had a very 
poorly developed shoot and hence the seedling died soon 
after transplantation in the soil. The third one (Fig.10^) 
gave rise to a vigorous root system and a poorly developed 
shoot. The seedling survived in the soil for about 2i months 
but died before flowering. The rate of growth of the plant 
and morphological characters revealed that the plant was a 
hybrid. 
D. In vitro germination and storage of pollen 
It has been noticed that pollen grains which are 
trinucleate at the time of anthesis are difficult to mani-
pulate. Their sucrose requirement for in vitro germination 
is very high (Generally 25>/^  - 35%) and they possess very 
low viability. Gossypium hirsutum and G. arboreum pollen 
grains are binucleate at the time of anthesis but physiologi-
Radiographs 
Fig.98 G.arboreum x G.ralmondli (mixed 
pollination) .""The empty and the 
viable seeds. 
Fig.99-101 G.arboreum x G.raimondii. Seeds 
showing xmderdeveloped embryos 
presumably of hybrid origin. 
Fig.102-10^ Grafted G.arboreum x G.hirsutum. 
Seeds showing less developed 
embiyos presumably of hybrid 
origin. 
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cally they behave as trinucleate pollen i.e., they do not 
germinate under in vitro conditions and their storage life 
is very poor. 
The flowering of G.barbadense did not synchronise 
with G> arhoreum and G.hirsutmn, as the former flowers about 
six weeks late, under Delhi conditions, thereby, making some 
desirable crosses difficult. 
With these objectives in view studies on germination 
and storage of cotton pollen were undertaken. No standard 
and dependable media for germination of cotton pollen are 
available. 
(I) Standardization of culture media for in-vitro germina-
tion of Dollent 
Preliminary studies revealed that there was an 
immediate bursting of pollen grains when 2-30^ sucrose was 
used. The addition of boric acid or calcium complex 
(300 ppm Ca(N0^)2> 200 ppm M SOj^  and 100 ppm KNO^) did not 
prevent the pollen grains from bursting at these concentra-
tions. Therefore, sucrose concentrations from 30% to h^% 
were tried with the addition of boric acid and calcium 
complex with the two species, G.arboreijm and G.hirsutum. 
a) G.hirautum var. H.l^: 
The data collected are given in Table 21. They 
indicate that maximum germination (6^.2) was obtained with 
ifO percent sucrose + Ca"*""*" (i.e. 100 ppm boric acid, 300 ppm 
?o 
Ca(N0^)2, 200 ppm M S0^» and 100 ppm KNO^). However, at 
this concentration the growth of the pollen tube was very-
much retarded. The maximum (^ 70 microns) as well as average 
(182 microns) pollen tube growth was best at 35 percent 
sucrose level. The germination was uniform (Fig.106), At 
^5 percent sucrose level germination percentage was decreased 
(^8.2), average (93 microns) and maximum (122 microns) tube 
growths were very much retarded. 
Table 21 
Percentage of germination, average and maximum tube 
growth of pollen of G.hirsutum at different concen-
trations of sucrose 
i Percentage j[ Average I Msaimum 
il of germi- J length of J length of 
{ nation ( nollen \ pollen tube Media I i 
5 
J 
i p ^ 
jl tube X (microns) 
j[(microns)+ I 
S SEm - ( 
35^ sucrose + 100 ppm BA 0 
35% sucrose + 100 ppm BA 5.7 
+ 0.7^ Agar. 
35^ sucrose + 100 ppm BA 58.7 
+ Ca complex * 
O^J^  sucrose + 100 ppm BA 6^.2 
+ Ca complex. 
k5% sucrose + 100 ppm BA hB,2 
+ Ca complex. 
Only slight protrusion 
of tubes. 
182 + 6 
8lf + 5 
93 + 3 
^70 
lifl 
122 
* 300 ppm Ca(N02)2> 200 ppm M SO^ ^ and 100 ppm KNO-
BA = Boric acid. 
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It is interesting to note that pollen did not 
germinate when "boric acid alone was used with sucrose. The 
addition of calcium complex considerably accelerated pollen 
germination and tube growth. Agar accelerated pollen germi-
nation (5*7%) very little and pollen tubes protruded very 
slightly, 
b) G.arboreum var. 2^R. 
The data in Table 22 indicate that 30-35 percent 
sucrose + Ca complex coiild be used for in vitro pollen 
germination. The growth of the pollen tubes decreased from 
131 microns (at 30^) to I08 microns at 35 percent sucrose 
level while at 30% the tube bursting was more common. However, 
the percentage remained similar at these concentrations. At 
ho percent sucrose level both germination (9.8^) and average 
tube lengthens microns)were very much retarded. 
Pollen did not germinate in the absence of Ca"*"**" 
complex. Considering the favourable effect of calciiom, a 
wide range of concentrations of this salt was tried with 
35^ sucrose, 100 ppm boric acid, 200 ppm M SOj^  and 100 ppm 
KNO^. The results are given in Table 23. 
The percentage of germination increased with the 
increase of Ca(N0n)2 concentration. There was, however, 
variation in the length of the pollen tubes. At 10,000 ppm 
the germination was very uniform (Fig.105) and average tube 
growth was highest (238.3 microns). 
Fig,105 Germination of G.arboreum pollen. 
Fig, 106 Germination of G.hirsutiun pollen. 
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Table 22 
Percentage of pollen germination and average length 
of the pollen tube of G.arboreum at different concen-
trations of sucrose 
"I % of ii Average 1 
i germi- j tube i 
i nation % length, Ji 
J ii<u)HK £>Em ft 
Media Remarks 
25% sucrose + 100 ppm BA ^.6 
+ Ca complex 
30^ sucrose + 100 ppm BA 20.6 
+ Ca complex 
sucrose + 100 ppm BA 21.0 
+ Ca complex 
sucrose + 100 ppm BA 9.8 
+ Ca complex 
35% 
112 + 11 Extensive bursting 
of pollen grains 
1 3 1 + 7 Bursting of pollen 
tubes 
1 0 8 + 6 No bursting of 
pollen tubes 
^8 + 3 No bursting but 
plasmolysis 
BA = Boric acid. 
Table 2"^ 
Effect of different concentrations of Ca(N0,)2 on 
pollen germination and tube growth of G.arboreum 
jl Percentage I Average pollen tube 
J of i growth + SEm (microns) 
i germination ii Z 
Concentration of 
CaCNO,)^ ppm 
1.6 Only slight emergence of 
pollen tube. 
300 
1,000 
2,000 
5,000 
10,000 
29.8 
30.0 
37.3 
39. »f 
h5.0 
233.6 + 11 
191.7 + 6 
155A + 5 
. 191.8 + 6 
238.3 + 6 
?3 
(II) Natural Viability; 
The viability of pollen lander in vitro conditions 
was found to be 12 hours in both the species. Pollen 
grains did not germinate on artificial medium after this 
period. 
In G.hirsutum the rate of fall in the natural 
viability of pollen was observed to be very steap 8 hours 
after anthesis as determined by in vitro tests (Table 2^). 
Table 2^ 
Percentage of germination of G«hirsut\im pollen at 
different intervals after anthesis 
J 
Time after anthesis « Percentage of germination 
At anthesis (8.00 A.M.) ^6.2 
h hours 30.0 
6 hours 32.0 
8 hours 26.0 
12 hours 3.5 
2h hours 0.0 
(III) Storage of pollen; 
The pollen were collected just prior to anthesis. 
Ill G.hirsutum anthesis took place around 8.00 A.M. while in 
G.arborem at 10.00 A.M. The pollen were stored in perfora-
ted gelatin capsules under the conditions specified in 
5h 
Table 2^. Different dilutions of HgSOj^ were made in 
dessicators maintained at different temperatures. 
Pollen stored under conditions mentioned in Table 2? 
did not extend their longevity except imder conditions of 
15°C and 25 RH where '^-7 percent pollen germinated after 
two days of storage. After this, bursting of pollen conti-
nued upto 30 days. Temperatures below 0°C were harmful as 
pollen did not even burst 2*+ hours after storage. In vivo 
pollinations did not set any fruits when 2*+ hours old pollen 
was used. 
Table 25 
Conditions of temperature and humidity main-
tained by different dilutions of HoSOT 
Temperature range 
1. 5-7°C 
2. 10-12°C 
3. 15-17°C 
h, -18 to -
X 
I 
\ 
•20°C 
Concentration 
of 
A 
B 
C 
D 
E 
B-^^O^ Cone. 
63,0 
52.0 
if 2 . 1 
Ca Clg 
\ 
EH obtained 
Approx. 
0 
10 
25 
50 
0 
D I S C U S S I O N 
I. Introduction: 
A classification of the different isolating mechan-
isms operating between species is given hy Stebbins (1950). 
The barriers have been classified into two major groups 
namely, external barriers and internal barriers. External 
barriers include, spatial isolation, ecogeographical iso-
lation, ecological separation of sympatric typ^s, temproal 
and seasonal isolation and mechanical isolation. The internal 
barriers include, prevention of fertilization, hybrid invia-
bility, failure of flowering in the hybrids, hybrid sterility 
and inviability and weakness of Fg and later segregates. 
The following discussion will be confined to the prevention 
of fertilization and hybrid inviability. Hybrid inviability 
includes all those mechanisms which prevent or retard the 
development of hybrids from the first division of the zygote 
upto the final differentiation of the reproductive organs 
and the gametes which they produce, Stebbins (1958) recognises 
three kinds of direct reasons for hybrid breakdown in respect 
to this group of barriers: (a) incompatibility between 
parental chromosomes and genes, combined in the hybrid nuclei, 
(b) a disharmonious interaction between the chromosomes or 
genes of one species and the cytoplasm of the other (c) the 
hybrid embryo may be perfectly cat)able of developing so far 
as its own constitution is concerned, but may be inhibited 
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by the action of the maternal tissue or endosperm which 
surrounds it. In general the terms "prefertilization 
barriers" and "post fertilization barriers" are used from 
the point of view of an embryologist and include all such 
conditions of "internal barriers" described by Stebbins 
(1950). Investigations of numerous workers in most of the 
interspecific crosses have revealed the cause of the hybrid 
breakdown due to the post-fertilization stages (Brink and 
Cooper, 19^7)* Valentine (195^) suggests the name "seed 
incompatibility" to describe the situation where hybridiza-
tion fails because of "post fertilization" breakdown. 
To fully understand the problems of an incompatible 
cross the study of the various developmental stages of the 
seed is very necessary. Several authors have studied the 
development of seed in incompatible crosses and parents and 
this has thrown considerable light on the nature of incompati-
bility that exists in a particular cross and on the methods 
useful for the removal of the barrier to crossability. In 
a majority of cases, the fertilization takes place and is 
followed by some amount of embryo and endosperm development. 
Histological observations have revealed that the failure of 
the cross may be due to the imbalance in the relationship 
between the tissues of the female parent on the one hand 
and the male gametophyte or the hybrid tissue in the embryo-
sac on the other. It is interesting to note that even in 
such wide crosses as between barley and Eye fertilization 
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takes place practically in every instance but the embryo 
grows only for a few days and soon dies due to the abortion 
of the endosperm (Thompson, 19^0). Observational evidence 
has revealed that in most of the cases the endosperm is 
usually at fault and in some cases it is the aberrant 
behaviour of the maternal tissue which indirectly affects 
the growth of the embryo. 
Laibach (1925) first recognized the fact and came to 
the conclusion that hybrid embryo inviability is generally 
caused by unfavourable conditions for embryo development. 
He obtained healthy and fertile hybrids in the cross Linum 
austriacum x L.-perenne by cialturing excised embryos. Under 
conditions of natural development all the hybrid embryos 
collapsed. Since then, this technique has been successfully 
used for rearing interspecific hybrids which are otherwise 
incompatible. See. Brink et ^ . (19^^); Blakeslee and Satina 
(I9I44); Blakeslee (19^5); Konzak, Randolph and Jensen (1951); 
Davies (I960); Schooler (1962, 196?); Nakajima and Morishima 
(1958) and Islam (196^). The cause of certain unsuccessful 
attempts is not due to the lethal effect, or gross incompati-
bility but probably due to technical difficulties involved 
in excising the embryos without damage and then disinfecting 
them. Recently Kruse (1967) has obtained intergeneric 
hybrids between Barley and Rye by spraying the maternal 
plants (Barley) with gibberellic acid. The hybrids have 
been identified cytologically and by electrophoretic methods. 
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Seed failure may arise from abnormalities in the 
growth of the embryo or endosperm or maternal tissue or 
interactions among them. It is somewhat difficult from 
morphological observations to distinguish clearly the 
cause and the effect. However, numerous well worked out 
studies of the causes for the failure of the seed setting 
in the interspecific crosses give an insight into the nature 
of relationship between the different genetically distinct 
tissues of the seed during its development. The reported 
cases of failure of seed development following hybridization 
and prefertilization barriers are briefly reviewed here to 
understand the situation in reciprocal crosses between 
Gossvpium arboreum x G.hirsutum and 5. g^ rborgum x G. raimondii. 
II« Causes of failure of crosses: 
(1) Prefertilization barriers to crossabilitv: 
In some interspecific crosses the incompatibility 
is due to the failure of fertilization, Frefertilization 
barriers may operate at different levels. Maheshawari (19^0)j 
Maheshawari and Rangaswan^r (1965), have named such barriers. 
The important ones include (a) nonsynchronization in flowering 
of the two species, (b) inability of the pollen to germinate 
on the foreign stigma, (c) slow or inadequate growth of the 
pollen tubes in the style (d) failure of the sperms to effect 
fertilization. Instances of such barriers in distant hybridi-
zation are comparatively rare as compared to the post 
fertilization barriers. Some of the important ones are, 
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however, summarized below. 
Non ssmchronization of flowering of two species or 
varieties to be crossed is faced in many species. For example, 
Hibiscus canabinus and H.sabdariffa do not flower at the 
same time, where the difference in flowering is about three 
weeks. The problem of non synchronization is largely a 
ph^rsiological one and genersLLly has been overcome by photo-
periodic treatments and by prolonging the life of pollen 
by storage. 
There are instances where the pollen fails to germi-
nate on the foreign stigma (Swaminathan, 1955)• H© observed 
pollen-stigma incompatibility in the crosses SolaniM 
pinnatisectum x S.bulbocastanian and S. uinnatisectum x 
S.lanciforme as the pollen did not germinate even 72 hours 
after pollination. Evans and Denward (1955) found in inter-
specific hybridization of the Trifolium species that pollen 
did not germinate on the stigma of the other species. 
Further the pollen may successfully achieve germi-
nation but the growth of the pollen tube may be slower and 
may ni)t reach the ovule. This is more common where the 
female parent is comparatively long styled but the reciprocal 
cross is achieved without much difficulty. Mangelsdorf and 
Reeves (1931), found that hybridization between Zea x 
Tripaacum is unsuccessful because Zea possessed 12 inches 
long style as compared to Tripsacum where the style length 
is less than an inch. Tripsacum pollen tubes grow in Zea 
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style only about an inch, Blakeslee (19^5) concluded that 
in several Datura crosses style length differences led to 
the failure of the cross. Gardella (1950), also faced 
similar problems when Datura innoxia was used as the female 
parent (style length 130-170 mm.) in crosses with D.auercifolia 
(style length 30-Uo mm.) and D.ferax (style length 25-35 mm.). 
The seed setting was nil. Swaminathan and Murty (1957) 
reported that the cross between N.rustica x N.tabacum 
succeeds but in the reciprocal there is seldom any seed set. 
The tabacum style is thrice as long as that of rustica. With 
the help of radiotracer technique and staining the style of 
tabacum these authors have shown that rustica pollen tubes 
travel only one third in the tabacum style. Davies (1957) 
observed lack of success in the cross Lathyrus odoratus 
(style length 10 mm.) and L.hirsutus (style length h mm.) 
due to the difference in the style length. It appears, that -
longer the style the greater is the growth potency of the 
pollen tube. 
All such barriers where the nongermination of pollen 
on the stigma and stylar length differences are involved 
between the two species, have been overcome by methods like, 
spraying the stigma with some hormone (Evaas and Denward, 
1955)» removing the stigma and replacing it with an arti-
ficial one (Swaminathan, 1955)» and shortening the length 
of the style of the long styled parent (Mangeldorf and 
Reeves, 1931; Gardella, 1950; Blakeslee, 19^5; and Davies,1957). 
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A mention may be made of the work of Buchholz et al. (1932) 
and Yasuda (I93I), who have offered different techniques 
for shortening the length of the style by grafting etc. 
Finally, the problem remains that even if the 
pollen tube reaches the embryosac its contents may not be 
discharged in the embryosac resulting in the failure of 
fertilization. Patel and Olmo (1955) suspected that in 
the cross Vitis rot\mdifolia x V.vlnifera, the vinifera 
pollen tubes though reached the ovules, but did not discharge 
the contents presumably because of some kind of inhibitory 
substance produced in the rotundifolia embryosacs. Such 
instances might be difficult to control. Recent work of 
Maheshawari and Kanta (I96I, 196*f); Kanta and Maheshawari 
(1963a;b) and Kanta et al.(1962) have shown that intra-
ovarian pollination and test-tube fertilization could be 
methods of overcoming incompatibility where prefertiliza-
tion barriers are involved and partic^llarly where style 
and stigma cause adverse effects. Intraovarian pollination 
can be more efficiently tried only with those species which 
have a comparatively larger size of ovaiy without septa, 
and with many ovules. Maheshawari and Kanta (1963a) 
successfiilly crossed Argemone ochroleuca with A.mexicana 
with the help of intraovarian pollination. These species 
do not cross in nature. 
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(ii) Post Fertilization barriers. 
1) Abnormal behaviour of the Endosperm; 
The study of endosperm development following 
interspecific hybridization is of great importance for 
imderstanding the problem of hybrid incompatibility. The 
role of endosperm has been understood clearly in many of 
the incompatible crosses and seed failure is generally 
accompanied by a arrested growth and chromosomal abnormali-
ties in the endosperm. Brink and cooper (19^7) have reviewed 
various cases of the failure of the cross due to chromosome 
breakage and other abnormalities. They state that mitotic 
divisions in the embryo are normal in many crosses and that 
it is the failure of the normal endosperm formation which 
is the cause of the failure of the seed development. 
Kihara and Nishiyama (1932) found in the cross 
Avena strigosa x A.fatua irregularities in the endosperm 
nuclei. Giant masses of chromatin were formed which under-
went abnormal division. Oversize nuclei arose either by 
the formation of restitution nuclei or by the fusion of 
adjacent dividing nuclei. Highly irregular divisions 
proceeded in some parts of the endosperm. Incomplete 
separation of the two daughter groups of chromosomes, lead-
ing to dumbel-shaped interphase nuclei were observed in the 
cross Hordeum .iubatum x Secsile cere ale (Brink and Cooper, 
19^^). This was accompanied by other gross mitotic distur-
bances resulting in the variation in size, shape, number 
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and position of endosperm nuclei. Brock (1955) reported 
endosperm failure following hybridization in Hyacinths 
due to spontaneous chromosome breakage and spindle abnor-
malities (resulting in polyploidy and aneuploidy). 
Rutishauser (1955)> Rutiehauser and La Cour (1956), have 
also shown failure of endosperm development due to sponta-
neous chromosome breakage. 
Reusch (1959)» studied the endosperm development 
in Lolium perenne x Festuca pratensis and its reciprocal. 
When L.perenne was used as seed parent, a precocious cell 
wsG.1 formation occurred in the endosperm resulting in the 
suppression of the division of the endosperm. When 
F.pratensis was used as the female parent mitotic irregu-
larities appeared which resulted in the complete breakdown 
of the endosperm. Reusch, attributes mitotic irregularities 
due to alteration in nucleic-acid metabolism and from work 
of other investigators on interspecific hybridization in 
Graminae it appears that more pronounced the mitotic irregu-
larities, the greater is the suppression of wall formation 
and consequently greater the disturbance in nucleic acid 
metabolism. It has been shown (Roller, 19^3; Darlington 
and Thomas, 19^1) that the formation of giant nuclei 
suppress wall formation and excess of nucleic acid causes 
extra mitotic division and failure of wall formation. 
Sachet (19^8), Johansen and Smith (1956),Jaranowski 
(1962), Fridriksson (1963), Wojciechowska (196^) have 
reported many cases of abnormail behaviour of endosperm in 
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different interspecific crosses. Greenshields (195^) foiand 
that in many interspecific crosses in Melilotus the primary 
endosperm nucleus failed to divide. But, Sastry (1958) 
reported that in the cross Melilotus suaveolens x M.alha 
the failure of seed development is due to the coenocytic 
endosperm which never becomes cellular. Otherwise there 
were no abnormalities in the endosperm, 
Nishikawa (1959) reported the abnormal development 
of endosperm and activity of growth substance in the cross 
Aegilops SQuarrosa x Triticum dicoccum comparing with the 
embryosacs of A.squarrosa selfed. He found that the extra-
ordinary high activity of • growth substance* was the cause 
of abnormal development. 
Reitsema and Satina (1959), suggested that the 
function of the endosperm is related in some ways to the 
quantity and proportions of growth substances present in 
it. Any disturbance in the equilibrium leads to the abortion 
of the seeds. For example, the contents of the free amino-
acids in the seeds of Datura innoxia after selfing and after 
crossing with D.discolor (male) varies considerably and the 
cross with D.discoloy is incompatible because ovules abort 
after fertilization. 
2) Abnormal behaviour of the maternal tissue; 
In this type of incompatibility, the embryo and 
endosperm grow normally during the early stages of develop -
ment followed by the abortion of the young seed. The 
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starvation and collapse of the tissue is caused by the 
excessive proliferation of the nucellus or the integumentary 
tapetum. Brink and Cooper (1939, 19^0) have designated this 
type of incompatibility as * somatoplastic sterility*. Brink 
and Cooper (19'+-7) have however emphasized that it is the 
endosperm which is affected and affords an understanding 
to the failure of the seed development. But it is an important 
fact that for its growth, the endosperm depends upon the 
food translocated from placenta and maternal tissue. This 
has been shown by Satina et al. (1950)> i^ various species 
of Solanaceae, young ovules contain a large amoimt of starch 
in early stages, but little later on. Starch accumtilation 
continues in the ovules where the endospenn deteriorates, 
presumably because the endosperm does not absorb it. 
In ttie type of incompatibility designated as 
•somatoplastic sterility* parallel with the retarded growth 
of the young hybrid endosperm two well marked departures 
appear in the development of the adjacent tissue. First, 
the nucellus or endothelium initially single layered in 
thickness and remaining so in the compatible crosses becomes 
meristematic. On the funicular side of the ovule the cells 
become large and proliferate. This continues till a mass 
of cells is produced. Secondly, the integumentary cells 
at the chalazal pocket of the ovule fail to differentiate 
into conducting elements. This is in marked contrast with 
the situation in a normal cross in which a direct vascular 
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connection is established at the chalazal pocket of the 
ovule (Brink and Cooper, 19^) • Subsequently, the hyper-
plastic nucellus after completely occluded the endosperm 
by overgrowing the chalazal end. Thus walled off, the 
endosperm is isolated from its source of food supply and 
the death of the endosperm ensues from starvation rather 
than any other abnormality. 
Brink and Cooper (19^1) studied the course of 
development of seed in the cross Nicotiana rustica x 
N,tabacum and found that the hybrid seeds collapse at 
various stages before the maturity of capsule. A few seeds 
cotild attain germinable condition. The behaviour is compared 
with that of the normal development in N.rustica selfed, 
and with N.rustica x N.glutinosa in which all the seeds 
abort at an early stage (Cooper and Brink, 19^0). The course 
of development of N.rustica x N.tabacum was found to be 
similar to that in N.rustica x N.glutinosa cross in that 
(a) endosperm growth is retarded (b) pronounced hyperplasia 
of the nucellus occurs and (c) the integumentary cells lying 
between the apex of the vascular bundle and the chalazal 
pocket fail to differentiate into conducting elements. The 
difference between the two kinds of seeds with reference to 
endosperm growth and the hyperplasia of the nucellus is 
quantitative, the N.tabacum hybrid showing a less abnormal 
development than the N.glutinosa hybrid. The N.rustica x 
N.tabacum hybrid is interpreted as a case of incomplete 
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somatoplastic sterility, the phenomenon in which usually 
but not always, the failure of the development of the 
seed occurs. 
In Hordeum .lubatiM x Secale cereale (Cooper and 
Brink, 19^ ^^ ; Brink and Cooper, 19Mf; Brink et al., 19Mf), 
a tetraploid x a diploid cross, antipodals also showed 
abnormalities such as chromosome fragmentation along with 
the abnormal development of the endosperm. Cooper (1951) 
found meristematic activity of the maternal tissue following 
crosses made with diploid and tetraploid strains of maize 
which resulted in the abortion of embryos. In crosses 
Elymus virginicus x Agropyron repens (Beaudry, 1951) the 
cause of the endosperm failure was attributed to antipodals. 
Antipodals in the crossed ovules showed the condensation 
of chromatin into chromosomes, endomitosis took place and 
acquired the role of some kind of secretary organs causing 
the alteration in the nutrient supply of the endosperm. 
This in turn caused disorderly mitotic divisions in the 
endosperm nuclei, 
Iyer et al. (1961) studied seed development in 
reciprocal crosses in Corchorus olitorius and Ccapsiolaris. 
When C.olitorius is used as the female parent, the embryo 
and endosperm develop normally upto about 10 days and there-
after cease to grow. The endosperm remains coenocytic 
and the inner most layer of the inner integument, parti-
cularly at the chalazal end, show deposits of starch and 
68 
tannin. This deposition completely occludes the endosperm 
from the rest of the maternal tissue. In the selfed 
C.capsularis seeds there is a very slight deposition hy the 
eleventh day but this is gradually consumed as the endosperm 
and embryo grow. These authors state that the failure of 
this cross may be due to some metabolic block, the tannin 
layer cutting off the food supply from the endosperm. 
Sachet (19^8) studied fertilization in six incompati-
ble species crosses in Datura and regards that the failure 
of the development of the hybrid seeds is due to the intro-
duction of some substance in the embryosac by foreign pollen 
which brings about a break in the balance of formation of 
enzymes. An important phenomenon observed in the aborting 
seeds following interspecific hybridization was the formation 
of so called ovular tumors or ovular tissue. The tissue 
develops from the inner most layer of the seed coat, the 
endothelium is therefore somatic in origin and have the 
genetic constitution of the female parent. In normal compati-
ble matings the endothelium is consumed by the peripheral 
layer of the developing endosperm 10-12 days after pollination. 
In incompatible crosses, instead of degenerating, it increases 
in size and has dense cytoplasm. By n\:imerous divisions it 
forms a single compact mass of tissue. The development of 
the tiamor accompanies the deterioration of the endosperm 
and in many it was not possible to say which took first. 
In all such cases embryo fails to develop. The hypothesis 
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concerning pollen transmission of hormones relating to 
embryo development is open to controversy, hormonal imbalance 
or deficiency is likely to be an important factor controlling 
seed failures as it is clear from the success obtained by 
many workers in getting viable hybrids by the application 
of suitable dozes of hormones (Crane and Marks, 1952; Islam 
and Rashid, I960). 
Rappaport ei a^. (1950) carried out some biochemical 
work on the ovular tumors observed by Sachet (19^8). They 
reported that the ovular tumors of Datura contain a water 
soluble thermostable substance capable of inhibiting the 
growth of Datura stramonitm ovules in vitro. There is some 
evidence to prove that the substance could be nucleic acid. 
Reitsema et al. (195^) have also discussed the chemical nature 
of the embryo inhibitor produced in ovular tumors of Datura. 
These authors are of the opinion that the embryo inhibitor 
in ovular tumors is identical with I.A.A. on the following 
grounds; (a) the extract of tumors on Datura embryos react 
similarly to that of I.A.A; and (b) their Rf value on paper 
chromatograms is also identical. 
Emsweller ejb ^ , (1962) reported that when mature 
hybrid seeds between Lilium speciosum x L.auratum were 
c\LLtured, growth was initiated and some of them developed 
tumors and died. Some developed to various seedling stages 
but none survived. By embryo culture number of hybrids were 
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obtained. Finding the reason for this they state that the 
cause was due to the presence of ferulic acid and glucose 
ester both in pericarp and seeds. Tumors were induced on 
excised embryos when grown in artificial medium containing 
ferxalic acid. 
Double fertilization provides the initial stimulus 
for the metamorphosis of the ovule and in most cases its 
development is slow and the cause of the endosperm failure 
is other than the hyperplasia of the maternal tissue. 
Reitsema et al. (1953) ascribe the reduction in development 
of maternal tissue to deteriorating endosperm. Satina jet al. 
(1950) found that the seeds in the crosses Datura stramonium x 
D.metel and D.leichhardtil x D.metel the capsules frequently 
contain two kinds of seeds. Some with well developed 
tiamorial tissue and others which are swollen and spherical 
in shape. In the swollen seeds the endothelium begsui to 
disintegrate before they multiply to form tumorial tissue, 
and in most cases the embryo is digested and endosperm 
disintegrates. Greenshields (195^)» reported failure of 
the cross, M.suaveolens x M.alba due to the endosperm failure 
while Sastry (19^8) attributed the failure of this cross to 
endothelial hyperplasia. In 7-day-old seeds, the endothelium 
consisted of a single layer of cells, while in seeds follow-
ing hybridization it was 2-3 cells in thickness and could be 
considered to be the primary cause of abortion. Beamish (1955) 
studied the seed development in crosses with hexaploid 
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Solanum demisstim and several diploid species&reported that 
the endosperm growth is abnormal in every case followed by 
the nutritional imbalance and over growth of the maternal 
tissue. 
In the cross Arachis hrpogea (^ x) x A,diogoi (2x) 
(Johansen and Smith, 19^6) fertilization was normal as in 
the natural self pollination. The growth of the hybrid 
endosperm and embryo was very slow. Collapse of the endos-
perm occurred at 32 or 6^- nucleate stage due to hyperplastic 
development of the maternal tissue of the seed, particularly 
the endothelial layer of inner integument. 
The examples so far described provide instances of 
abortion due to abnormal behaviour of the maternal tissue. 
There are certain other cases where the antipodals or 
nucellus show proliferation, but at a later stage when the 
endosperm aborts due to some other reason. In such cases 
proliferation appears to be secondary effect rather than 
the primary effect of an incompatible mating. Renner (1929) 
observed in the cross Oenothera muricata x 0.biennis that 
endosperm nuclei become highly hypertrophied. The develop-
ment of the seed coat was normal but the nucellar cells in 
the chalazal region of such aborting seeds showed enormous 
proliferation. Michaelis (1925) observed a proliferation 
of nucellar tissue in association with weak endosperm 
development in Epilobium. Seed development and failure was 
studied by Stokes (19^5) in some clonal combinations of horse 
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radish (Amoracia rusticana). Degeneration of endosperm 
haustoria was observed at the chalazal end adjacent to 
the nucellus. This behaviour was more pronounced as the 
development of the seed proceeded. Therefore, it was 
considered that the cause of the seed failure is due to 
an upset in the physiologic balance between the endosperm 
and adjacent nucellar tissue. There were other causes of 
seed failure, such as embryo abortion, and the failure of 
the triple fusion but such cases were comparatively very low. 
Stokes considered this to be an endosperm - maternal tissue 
incompatibility with different morphological symptoms than 
reported by Brink and Cooper (19^ +0, 19^1). Reusch (1959) 
in the Festuca x Lolium hybrids found due to the failure 
of the endosperm division, giant nuclei were formed and 
the antipodals which appeared quite normal in the beginning 
showed considerable enlargement following the early cessation 
of endosperm division. 
3) Abnormal embryo; 
So far we have discussed the cases where endosperm 
or maternal tissue is the cause of the seed failure, there 
are a few cases on record where the cause of the seed failure 
has been assigned to embryo only, though no direct evidence 
to expalin such cases is available. However, the study of 
the sequence of various developmental processes has provided 
some support to this view. 
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Buell (1953), studied the development of seed 
following reciprocal interspecific crosses between Dianthus 
chinensis and D.plumarius. When D.chinensis is used as 
female parent no viable seeds are produced as a results 
of embryo abortion. Abnormalities started 3-^ days after 
pollination and complete disintegration occiirred in 9-10 
days. Basal cell of the hybrid embryo showed various 
abnormalities in the beginning. The appearance of the hybrid 
endosperm cytoplasm associated with embryos was markedly 
different from controls. The normal cytoplasm band was not 
formed and the endosperm had large globules. These glob-ules 
appeared in connection with the endosperm of the hybrid 
seed containing young spherical or spherical embryos where 
as in controls they were not found at this stage. The 
hybrid endosperm nuclei in association with emhryb fused 
forming large nuclei. In the reciprocal cross Buell 
observed the similar abnormalities with the difference in 
the intensity and time. This author did not assign any 
specific cause for the failure of hybrid seed but suggested 
that the cause may be in the disintegration of hybrid 
embryo which make the nutritive disturbance as indicated 
by the abnormal development of the endosperm. 
Greenshields (195^)> intercrossed twelve species 
of Melilotus and obtained variable results. The cause 
of the seed failure in many crosses is attributed to an 
abnormally rapid growth of the embryo. The endosperm is 
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unable to keep pace and due to nutritional deficiency 
the embryo aborts. In the cross M.officinalis x 
M.altissima neither the zygote nor the primary endosperm 
nucleus divides, whereas, in the reciprocal zygote fails 
to divide, but the endosperm proliferates. The embryo 
aborts ^ -5 days after pollination in M« italica x M.sulcata, 
12-13 days in M.officinalis x M. alba. In two other crosses 
M.officinalis x M.suaveolens and M.alba x M.messanensis 
a normal proembryo is formed but it soon looses polarity, 
resulting in the abortion of ovule. The suspensor of the 
embryo in the cross M.altissima x M.alba becomes necrotic 
in ^ -5i days and the proerabiyo floats in the non-cellular 
endosperm, finally resulting in the failure of the cross. 
Wojciechowska (1965) reported that 2n x ^ n crosses of 
M.officinalis failed due to the excessive growth of the 
suspensor and at 12 days after pollination embryo began to 
disintegrate. 
Moav and Cameron (I96I) have put forward a hypothesis 
which implies that the embryo rather than the endosperm 
is the site of hormonal disturbance which induces abnormal 
development of the nucellus and integuments and eventually 
leads to the degeneration of the embryo. These authors 
used Nicotiana rustica and N.tabacim in their studies and 
state that 1:1 N.rustica to N.tabacum complement ratio 
in the embryo is the most incompatible combination, while 
deviation in either direction improved seed development. 
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This vas demonstrated by changing the chromosome numher 
level of one of the parental species. Crosses were made 
when one parent was an autotetraploid or/and an allopoly-
ploid and it was found that greater the deviations in the 
ratio of the two compliments of the embryo, greater was 
the magnitude of viability and production of hybrid seeds. 
These authors theoretically explained by designating the 
chromosomal complement of tabacum as Xt* which is responsi-
ble for the incompatible embryonic reaction with the 
corresponding rustica compliment Xr". Unhybridized TT 
has only pluses, Xt"*" Xt*, and unhybridized RR has only 
minuses, Xr" Xr"; both perform some necessary function in 
the development of the embryo. This hypothesis considers 
that when equal number of minuses and pluses come together 
in a single embryo, they ineffect, cancel each other and 
the excess of pluses or minuses could then perform the 
function in the development of the embryo. The above 
relationship holds good for rustica - £lutinosa hybrids 
also. However, there were some deviations from the hypo-
thesis such as in the cross TTTT x RR(1:2) where only 
aborted seeds could be obtained. Cytological investigation 
revealed a secondary barrier i.e., the slow growth of the 
pollen tube in style. In certain cases the minus or plus 
factor in a plant may be so strong that atleast two pluses* 
or two minuses were required to neutralize them and this 
could also resialt in the failure of the embryo development. 
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On the basis of this hypothesis the results of Kehr and 
Smith (19^2) that N.tabacum and N.debneyi when converted 
to amphidiploids successfully cross with N.alata, N.sanderae 
and N.langsdorfii while normally they do not cross with 
N.tabacim and N.debneyi. were also explained and considered 
as an evidence in support of the hypothesis. However, 
Weaver (1955) reported that the rate of abortion of embryo 
is most rapid, in crosses of Gossypitim with greater 
proportional differences in chromosome number and decreases 
along the series 2x X 6x, 2x X ^x, hx X 6x. 
Jaranowski (1962) studied the seed development 
following reciprocal hybridization between Lupinus albus. 
L.angustifolius and L.luteus. He reported that the failure 
in certain crosses was due to the incompatibility of parent 
genes which exhibit their influence by a disturbing action 
on the initial development of the proembryo and later-on 
the suspensor and endosperm. It was observed that the 
hybrid embryos continued to grow if a suspensor peculiar 
to the species was formed. 
h) Crosses involving parents with different chromosome 
number: 
It has been observed in many species crosses that 
the compatibility of the two species differs in reciprocal 
crosses. The cross may be compatible in one way but 
incompatible the other way. If the cross is compatible 
both ways the resultant hybrids sometimes may differ in 
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quality. This may be due to genie, cytoplasmic or 
chromosome number differences. In cases where the two 
species differ in chromosome number, the most successful 
cross is usually the one in which the species with the 
larger number serves as the female parent. Many cases 
are in agreement with this generalization but there are 
some exceptions too. In crosses where the female parent 
has the lower chromosome number abnormalities may be due 
in part to a disturbance of the quantitative relationship 
between the chromosome numbers of endosperm, maternal 
tissue and embryo, but in most cases unbalanced gene is 
probably responsible for the various abnormalities. In 
such cases the endosperm shows the nuclei' of imusual size 
both small and large, irregular shape of the nuclei and 
abortion of endosperm. Apart from the occurrence of 
abnormalities the most important difference between the 
endosperm of the reciprocal crosses lies in their rate of 
growth. Generally in high female x low male development 
is slower than in the parents whereas in the reciprocal it 
grows normally but this is accompanied by the disturbances 
in the endosperm, 
Sutton (1908) reported that when Brassica napus 
(2n = 36) was crossed with B, raua (2n s= 20) abiindant 
plimp seeds were obtained. Similar results were obtained 
by Sinskaia (1927), in interspecific crosses of Brassica 
with different chromosome numbers. Recently Nishiyama and 
TnCS 
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Inomata (1966) reported reciprocal differences in the 
cross Brasslca chlnensls (2n = 20) and autotetraploid 
B.pekinensis (^ n = ko), 
Watkins (1927) observed that the cross, Triticum 
vulgare (2n = k2) x T. turgidum (2n = 28) yields plximp 
seeds which can germinate easily •vriiiile in the reciprocal 
cross seeds of very low germinability are obtained. In 
Nicotiana, the high into low chromosome crosses were tried 
and East (1928) invariably found that the cross was 
s^ lccessf^ ll when the female parent has the higher chromosome 
number. Thus, the cross H.rustica (2n = 2^) x N.paniculata 
(2n = 12) coiald be accomplished more easily than reciprocal. 
Szteyn (1965) suggested the use of tetraploid tomato as a 
pistillate parent in crosses with Lycopersic"um peruvianum 
and Lycopersicum ^landulosum as it increases 80 times the 
set of the hybrid seeds. Hybrid seeds were obtained from 
Lupinus rothmaleri x L.luteus cross but no seed was obtained 
in the reciprocal cross (Kazimierski and Kazimierska, 1965). 
In tetraploid Phaseolus sp. x P.calcaratus cross, shrivelled 
but viable seeds are produced but in reciprocal cross 
rudimentary, non-viable seeds are produced (Dana, 1965). 
In Hordeum jubatum x Secale cereale (Cooper and 
Brink, 19Mf; Brink and Cooper, 19Mf; Brink et al., 19Mf), 
a tetraploid x diploid cross the endosperm develops abnor-
mally as in many 2x X ^ x crosses, with much chromosome 
fragmentation. Boys and Thompson (1937) observed a high 
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degree of endosperm abnormalities and early abortion 
when Wheat (2n = ^ 2) and Eye (2n = 1^ -) were crossed using 
Rye as female parent. 
Exceptions to this general rule of the greater 
success of the cross when the female parent has the higher 
chromosome ntimber do exist. Mangelsdorf and East (1927) 
succeeded in obtaining seeds in crosses between Fragaria 
(7) X F.elator (21), Chiloensis (28), glauca (28), and 
Virglniana (28). They foimd that the reciprocal of these 
crosses failed. Kihara and Nishiyama (1932) recorded in 
the diploid Avena strigosa x Hexaploid A.fatua cross that 
the endosperm increases with remarkable rapidity and the 
growth of the hybrid embryo also proceeds more rapidly than 
that of normal strigosa embryos. Later on, the endosperm 
becomes abnormal and degenerates. In the reciprocal cross 
the embryos grow slowly and the development of the endosperm 
is also highly arrested. An interesting situation occurs 
in this cross that after the endosperm degeneration a 
regenerate endosperm is originated of a different morpholo-
gical type. Wakakuwa (193^) also obtained rapid endosperm 
growth in species crosses of Triticiim involving low x high 
chromosome individuals. He assigns an active role to both 
the endosperm and embryo in seed failure. The evidence 
from Kihara and Nishiyama (1932), Boys and Thompson (1937), 
Brink and Cooper (19Mf) and Beaudry (1951) show that 
endosperm development may be slowed down in high x low 
crosses and speeded up in the reciprocal cross. 
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Differences in reciprocal matings may occur even 
in some species crosses where the chromosome niamher is 
not different. Iyer et al. (I961), studied seed develop-
ment in reciprocal crosses between Corchorus olitorius 
9J^ d C.capsiHaris. C. olitorius as female parent served 
better as the pods remained on the plant till maturity, 
while in the reciprocal mating the pods invariably abcissed 
3 days after pollination. 
After the review of the various cases of differences 
in reciprocal matings, a general conclusion can now be 
drawn that more successfiil is generally the one in which 
species with larger chromosome number is used as the 
female parent. There have been various attempts to explain 
the cause of these differences. Thompson (1930) considered 
that the differences in reciprocal matings are due to the 
difference in chromosome condition of the endosperm. When 
the species with larger chromosome number is female the 
excess of its chromosomes over those of the other species 
will be doubled in the endosperm, whereas when it is male 
they will be single. Watkins (1932) considered that 
quantitative relations are very important for seed develop-
ment but such relations are important only between embryo 
and endosperm and chromosome number of the female parent 
is \mimportant. Kihara and Nishiyama (1932) were of the 
opinion that difference in the development of hybrid seeds 
in reciprocal cross is due to different strengths of the 
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activating stimulus of male nuclei on egg and polar nuclei. 
This stimulus is correlated with chromosome number of the 
male gamete. If the male parent has the larger chromosome 
number the result will be the abnormal development of 
the embryo and especially the endosperm. If the male gamete 
has low chromosome number than the normal the embryo and 
endosperm development is slowed down. This hypothesis does 
not explain the reciprocal differences when the chromosome 
ntunber is the same in the two species. Miintzing (1933) 
suggested a h3rpothesis of disturbed quantitative chromosome 
relationship between embryo endosperm and maternal tissue 
(2:3s2) on the basis that alterations in the chromosome 
number influences the cell volume, physiological qualities 
of the cell and rate of division. East (1935)» suggested 
a more precise interpretation of the cause of these 
differences. He points out that the species with larger 
chromosome number is usually an allopolyploid, involving 
as one constituent the species, or a related one, with 
which it is to be crossed. The allopolyploid with atleast 
two genomes presents greater possibilities than the other 
for the production of the cytoplasmic products, and there-
fore there are greater possibilities for harmonious chemical 
reactions if it controls the embryosac machinery during 
early development. 
Brink and Cooper (19^7) have reviewed various 
instances of this type in which 2:3s2 ratio between maternal 
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tissue, endosperm and embryo is essential for normal 
growth. Associated with the differences in chromosome 
number there may be other factors which contribute to 
the failure or success of the cross and it may be an 
over-simplification of the fact to ascribe the observed 
effects solely to the extent of deviation from the 2:3*2 
relationship. 
Stephens (19^2) has put forward a hypothesis of 
"genetic strength of genomes" in terms of the genetic 
constitution of the genomes of embryo and endosperm and 
of the reaction between them. When Gossypium arboreum 
was crossed with wild diploid, the cross was incompatible 
but gave full success when G.arboreum autopolyploid was 
crossed with a wild diploid. He concluded that "differences 
in compatibility are therefore associated with quantitative 
and not qualitative difference in cytological balance 
between endosperm and zygote". Therefore, the success or 
failure of the cross will be due to the extent of differ-
ences in the "strength" between the different genomes. 
Howard (19^7) have used the similar hypothesis to explain 
the resxilts of diploid x tetraploid crosses in Nasturtium. 
The ratio of genetic values by Stephens and Howard was 
that of endosperm to embryo. 
Valentine (195^) has suggested that in Primula 
the endosperm ; maternal tissue ratio is preferable and 
that the embryo plays no direct role. This has been very 
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clearly shovn in the cross between Primula verls x P.elatior 
where in addition to diploid and tetraploid hybrids, two 
haploids were also produced (Valentine, 1952). The survival 
of the haploid embryo according to Valentine can be explained 
only on the basis of endosperm : maternal tissue ratio 
which takes no notice or account of the genetic value of 
the embryo. Valentine (1956) has further suggested from 
the studies of the reciprocal interspecific crosses between 
Primula vulgaris. P.elatior and P.veris, that the success 
or failure of the developing seed is determined by the 
genetic constitution of the tissues concerned, and that 
the interaction between maternal tissues and endosperm is 
of major importance and unbalance of this relation would 
adversely affect seed development. There is some evidence 
to show thteit genetic values appear to be controlled by 
several unlinked genes with additive effect. In the study 
of the interspecific crosses and their reciprocals, seed 
development falls into two distinct patterns designated 
as "A" and "B" typeCWoodell 1960a,b). In P.vulgaris x 
P.elatior. P.veris x P.elatior and P.veris x P.vulgaris 
the seed development is of *A* type, in which the outer 
integioraent is normal, but the innermost layer of the inner 
integument shows excessive thickening. The endosperm 
in such seeds is reduced in quantity but is quite normal 
otherwise with a small embryo and the resultant seeds are 
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small in size. However, in the reciprocal crosses type 
•B' seeds are fotind which are large in size with a highly 
abnormal outer integument. The inner integument in these 
crosses degenerates very rapidly and the endosperm develop-
ment is very poor showing cells of variable shape and size 
with abnonnally large nuclei. The embryo associated with 
such endosperm fails to differentiate and therefore degenera-
tes. Woodell (1960b) explained the difference in the 
development of seed in reciprocal crosses on the assumption 
that if the pollen has lower 'genetic value* than the 
pollinated ovule, the rate of the development of seed is 
slower than normal, resulting in small seeds of type 'A*. 
But when the pollen has a higher genetic value than the 
ovule the seed development gets a more rapid start and 
all the nutrients are utilized in the beginning to produce 
large empty seeds. Woodell and Valentine (I96I) studied 
the crosses in Primula species at diploid x autotetraploid 
level and found that the results are closely comparable 
with that of diploid crosses. These results were again 
explained in terms of 'genetic values'. Valentine and 
Woodell (1963) suggested a physiological explanation for 
the differences in *A» and 'B* type of seeds which might 
be due to some kind of differences in the production of 
auxins. 
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5) Nuclear Cytoplasmic disharmony; 
In some crosses, an adverse interaction between 
the cytoplasm of one parent and the nuclear complement 
of the other has "been suspected. This is because of the 
differential success achieved in reciprocal crosses. In 
hybrids between Trillium grandiflorum and Paris quadrifolia 
(Rutishausher, 1955; Rutishausher and La Cour, 1956) 
chromosome breakage was observed when Paris is the female 
parent. Breakage is confined to Trillium chromosomes and 
is particiilarly frequent in the distal regions of the 
chromosomes. This is explained as being due to hybrid 
cytoplasm or some other metabolic condition in hybrid cells 
causing chromosome breakage in the Trillium complement but 
not in the Paris complement. Reusch (1959) also observed 
differences in seed development in reciprocal crosses 
between Lolium perenne and Festuca pratensis when L.perenne 
is used as the female parent, endosperm development is 
more normal than when it is used as the male parent. This 
is explained to be due to Lolium cytoplasm providing a more 
harmonious substrate for the hybrid nucleus to grow than 
the Festuca. plasmon. 
Iyer et al, (1961), observed differential success 
in Corchorus olitorlus x C.capsularis cross and its reci-
procal. When C.olitorius is used as the female parent some 
embryo and endosperm growth takes place, degeneration of 
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embryo takes place nearly 15 days after pollination and 
finally some mature capsiiles with shrivelled seeds were 
foiind. However, in the reciprocal cross fertilization 
takes place hut the developing fruits abcissed 3 days after 
pollination, Iyer ejt al. (I96I) suggested that there may 
be nuclear - cytoplasmic upset in the cross. 
III. Fertilization and seed development in G«arboreum and 
G.hirsutum and in reciprocal crosses between them; 
(1) Development of the seed in parents. 
Pollination took place immediately after anthesis, 
the pollen tube reached the ovule nearly in 2^ hours and 
fertilization of the egg cell took place in 2^ to 30 hours 
after pollination. Gore (1932), observed an interval of 
approximately 15 hours between pollination and the entry of 
pollen tube into the ovule and in upland cotton fertilization 
took place 26 and 32 hours after pollination. Ramchandani 
et al. (1966) reported that fertilization took place between 
2^-32 hours after pollination. Therefore, the present 
findings are in accord with the earlier observations. 
However, Balls (1905) estimated that the time taken between 
pollination and fertilization is 36 to kO hours. He also 
stated that this interval is influenced by the changes in 
temperature and that it varies from one species to the other. 
Five days after pollination, the embryo becomes 
globular with a characteristic shape. Differentiation of 
embryo started 9 to 11 days ai'ter pollination. Embryo 
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differentiated fully in 16 to 20 day-old ovules. A 
mature seed contained a massive embryo. The primary 
endosperm nucleus divided soon after its formation. With 
repeated divisions, 5-day-old ovules contained about 1000 
free nuclei. Cell wall formation started first at the 
micropylar end, 8-9 days after pollination. The embryosac 
was completely filled with cellular endosperm within 15-16 
days after pollination. The mature seed coat contained 
six layers. Various workers have studied the development 
of the seed in Gossypium species. A recent account by 
Ramchandani et al. (1966) gives a complete picture of the 
embryology of cotton plant. The present investigations 
are in conformity with the findings of these authors. 
(2) Development of the seed in the cross G.arboreum x 
G.hirsutum and the causes of its failure. 
The percentage of fruit setting was considerably 
reduced in this cross (2,3) as compared to the selfed 
G.arboreum plants (35.9). Weaver (1958) reported that 
about 20^ bolls were retained on the plant, while Joshi 
and Pundir (1966) estimated that 85^ of flowers shed after 
^-5 days of cross pollination and another 5-10 percent were 
destroyed by boll worms. They mention that 5-10 percent 
were available for further studies but did not mention the 
exact percentage of fruit setting. The boll setting in 
cotton is greatly influenced by weather conditions and 
insect damage etc. 
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Pollen of Gthirsuttun germinated within half-an-
hour of its deposition on the stigma of G.arhoreum. Pollen 
tube reached the ovule within 2^ hours. SyngajiQr and 
triple fusion took place soon after. Therefore, the 
fertilization is normal in the cross as compared to 
G.arboreum selfed. Weaver (1958), reported that fertiliza-
tion takes place between 2^-28 hours after pollination, 
while Joshi and Pimdir (1966) reported that fertilization 
takes place two days after pollination. We observed that 
about 76 percent of the ovules were fertilized between 2^-32 
hours after pollination and this percentage did not improve 
further. Stigma and style also withered during this period. 
In G« arboreum selfed,about 9^ percent of the ovules were 
fertilized. 
Embryo development was visibly normal upto 5 days. 
After this in many ovules abnormalities in the embryo 
appeared and degeneration of embryo started in most of the 
cases. Afterwards, upto 7-8 days the size of the embryo 
was the same or even layer, as compared to inbred embryos, 
but they showed abnormalities in cell division and shape 
and the cytoplasm of the cells took a darker stain 
(Figs.21,22). Occasionally, undifferentiated embryos 
continue to grow. Weaver (1958), Joshi and Pimdir (1966) 
have reported that the growth rate of the hybrid embryos 
is comparable to inbred embryos upto 10 days and various 
abnormalities such as dark stained bodies, appeared only 
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after this period. It is important to mention that it 
is not the size of the embryo which is important "but the 
differentiation pattern of the embryo and the general 
condition of cytoplasm of cells. In a majority of cases, 
a normal embryo with a characteristic globular shape was 
not observed after 5 days. 
Endosperm development was slowed down, at 5 days 
after pollination, on an average, 621 nuclei were present 
in the hybrid endosperm as compared to about 1000 in the 
selfed G.arboreum. The nuclei were prominent and larger 
in size. An interesting feature of this cross is that 
5 days after pollination all abnormalities such as, mitotic 
disturbances, dense cytoplasm and accumulation of nuclei, 
became visible first in the vicinity of the embryo and 
then gradually progressed towards chalazal end. By the 
10th day, a majority of ovules showed endosperm as a 
degenerated mass. Weaver (1958) observed normal endosperm 
development upto h days and abnormalities started after 
this day and by the 10th day mitotic activities completely 
disappeared. Beasley (19^0), reported that endosperm 
ceased to develop after 7-9 days and by the l5th day endos-
perm completely disappeared, Joshi and Pundir (1966) 
observed endosperm abnormalities after 5-6 days of cross-
pollination. 
The following situation emerges from the present 
study; 
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(i) Hybrid embryo shows abnormalities earlier 
to what has been reported by other workers, though the 
dimensions are comparable to some period with the inbred 
embryo, 
(ii) Abnormalities in embryo and endosperm appear 
almost simultaneously i.e., 5 days after pollination. 
(iii) Endosperm disintegrates first in the vicinity 
of the embryo. 
From the different cases of seed failure reviewed 
previously, the following are of importance to understand 
the seed failure in this cross. Buell (1953)» in the 
reciprocal crosses between Dianthus chinensis and 
D.plumarius. observed a similar situation where the endos-
perm degeneration started first around the hybrid embryo, 
as a result of its disintegration. Similarly, Beaudry 
(1951)» attributed the failure of antipodals to be the 
cause of endosperm failure in the cross Elymus virginicus x 
Agropyron repens. The endosperm first degenerated in the 
vicinity of antipodals. Michaelis (1925) observed a weak 
endosperm in association with proliferated nucellar tissue 
in Epilobium. Stokes (1955) observed degeneration of 
endosperm first in the chalazal end in the vicinity of 
abnormal nucellar tissue. Brink and Cooper (19^7, see 
p.^91), summarizing the results of their theory of somato-
plastic sterility mentioned "The first signs of break-down 
in the endosperm appeared in the region adjacent to the 
overstimulated maternal tissue". 
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From these findings it appears that the endosperm 
inhibition may he caused by some kind of disharmony between 
embryo and endosperm, antipodals and endosperm or maternal 
tissue and endosperm. Eietsema and Satina (1959) from 
their studies in Datura crosses concluded that the fxanction 
of the endosperm is related in some ways to the quantities 
and proportions of growth substances present in it. Develop-
ment of the seed may cease due to the introduction of some 
substance in the embryosac by the foreign pollen which brings 
about a breach in the balance formation of enzymes 
(Sachet, 19^8), It is known that following pollination 
and fertilization pollen produces some auxins and growth 
hormones, and these substances are responsible for the many 
physiological processes responsible for normal fruit 
development (Audus, 1959). 
In the cross G.arboreum x G.hirsutum. the initial 
cause of the abnormal development of the seed appears to 
be due to some kind of disharmony between endosperm and 
embryo as revealed by the disintegration of endosperm first 
in the surroundings of the embryo. This disharmony, probably 
disturbs the nutritional set-up of the embryosac. 
The study of composition, ultrastrueture and 
histochemistry of developing embryo and endosperm from the 
stage of the fertilization and triple fusion might yield 
useful information. The ultrastrueture and composition 
of egg, and the central cell, nucellus and synergids has 
been thoroughly worked out by Jensen (1965a, 1965b, 1965c) 
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in G.hirsutum. A work on similar lines in the cross 
G.arboreum x G.hirsutum may be useful 
(3) Development of the seed in the cross G.hirsutum x 
G.arboreum and the causes of its failure. 
In this cross the boll setting was still poorer, 
as out of 23^ cross-pollinations not a single fruit reached 
maturity. Most of the bolls were shed 5 days after polli-
nation. Occasionally bolls were retained upto 15 days. 
These findings are in conformity with those of Beasley 
(19^0) and Weaver (1957). 
The pollen of G.arboreum germinated immediately 
on the stigma of G.hirsutum. However, fertilization was 
delayed by 8-18 hours as compared to the selfed G.hirsutum 
ovules. Only 50 percent of the ovules were fertilized. 
Weaver (1957) in similar studies observed fertilization 
only in 2^ percent of ovules while pollen tubes reached 
in 50J^  of ovules. 
The division of zygote was delayed and consequently 
5 days after pollination the hybrid embryos were of smaller 
size. Similarly, endosperm growth was also slowed down 
as on an average only 221 prominent nuclei were present 
as compared to about one thousand in the selfed G.hirsutum. 
Glob\ilar embryos were formed 6-7 days after pollination. 
These embryos always took a darker stain. Embryo dis-
integration was observed after 7 days. Most of the ovules 
showed degeneration of embryos but occasionally somewhat 
differentiated embryos were observed in older ovules. In 
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most of the cases endosperm growth ceased after 5 days 
as a result of precocious cell wall formation. Occasionally, 
abnormal mitotic divisions as judged by unusually big 
metaphase plates were observed. The limited amount of 
endosperm produced had a tendency to persist without much 
further growth. However, degeneration also took place in 
some ovules. The present results of embryo and endosperm 
development are in conformity with the observation of 
Beasley (19^}), vihile Weaver (1957), reported comparable 
growth of hybrid embryos with inbred ones upto 10 days. 
He however, did not mention at what stage the degeneration 
took place. Ten-day-old G.hirsutum embryos showed differen-
tiation, but at this stage in the cross with G.arboreum 
most of the embryos showed degeneration. Those which 
survived may be comparable in size but the shape of the 
embryo and its cytoplasm was very much different. 
Maternal tissue, mainly the integuments, were 
affected right from the beginning as thickness of integu-
ments was less, cell size was smaller and cytoplasm showed 
accumulation of starch and tannin which took heavy stain. 
Five days after pollination, the fringe layer of the inner 
integument showed a heavy deposition. The deposition of 
starch and tannin in fringe layer and other components of 
the integuments went on increasing and 7-8-day-old ovules 
showed collapsed integuments vdaich do not differentiate 
in different layers and there was very little increase in 
the size of the ovule after this period (Table 9). 
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Beasley (19^)), did not discuss the causes of 
failure of seed development in this cross. He however 
reported that the capsules aborted 8-10 days after polli-
nation. Weaver (1957), assigned the responsibility for 
seed failure on the embryo in this cross, since he observed 
that some seeds contained a full endosperm but no embryo. 
The inference dravn by Weaver is that since the endosperm 
develops perfectly veil in the absence of a hybrid embryo, 
while it fails where the embryo is present. Thus, the 
embryo must be the cause of the failure. The hybrid embryo 
produces some inhibitory substance which inhibits the 
growth of the endosperm. 
In the present investigation, out of several hundred 
ovules examined none showed such a behaviour. Joshi and 
Jfimdir (1966), also failed to observe embryoless ovules 
in similar studies. It was only in one case, 6 days after 
pollination, that an ovule showed a prominent fertilized 
egg, the endosperm was cellular and could not be considered 
normal (Figs. 31,32). It was difficult to infer whether 
the endosperm present in the ovule would have grown further, 
considering the abnormal stunted growth of the maternal 
tissue. Therefore, from the present investigations it is 
difficult to regard the embryo to be solely responsible 
for the failure of the cross. It is important to mention 
the observations of Gore (1932) who recorded some instances 
of normal endosperm development in Pima cotton even in the 
absence of an embryo. He mentioned that either the fertili-
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zation of the egg did not occur or the embryo aborted 
at an early stage. This indicates that the endosperm 
cotild develop independently. Endosperm without embryo 
may develop in many plant species (Coulter and Chamberlain, 
1903). Recently Gildenhuys and Brix (1965)» have reported 
in Pennisetum crosses that the embryo is not always 
dependent on the endosperm during its early development 
and that a degenerating endosperm may not have a detrimental 
effect on the development of embryo or on the viability of 
later. Large fully developed normal embryos may be associa-
ted with normal, retarded, degenerate or even no endosperm 
at all. Conversely, large normal endosperms, even in 
mature seeds contain large, small or no embryos. The 
phenomenon of occurrence of embryoless ovules was more 
frequent as 37 percent ovules showed this situation. 
Therefore, from a close observation of different 
events in the development of the seed, it appears that 
the primary cause for seed collapse is the slow growth of 
the endosperm, as revealed by the number of nuclei present. 
Slow growth could be due to the lack of genetic coherence. 
This may cause a maldistribution of nutrients; the endos-
perm not receiving its due share while integuments 
accumxilate more. An identical explanation has been given 
by Brink and Cooper (19^ +7)» for seed failure in species 
crosses where 'somatoplastic sterility' occurred. In their 
studies, the excessive nutrient accumulation caused 
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proliferation of the inner integiunent. In this cross, 
it appears, that the excessive nutrient supply changed the 
physiology of the integiiments and instead of proliferation, 
the tissue as such collapsed. The embryosac was then cut 
off from the rest of the tissue and embryo and endosperm 
died of starvation. This view is further supported by the 
fact that endosperm growth is slowed down right from the 
beginning and side by side the maternal tissue shows 
deposition of dark staining substances. 
(^ ) Reciprocal differences between the crosses G.arboreum 
and G.hirsutum. 
Reciprocal difference, in the degree of success 
obtained by various workers has been judged by fruit 
setting, development of the seed and hybrids obtained. The 
reciprocal differences may be due either to cytoplasmic 
and/or genie differences between the species concerned or 
due to differences in chromosome number. As described, the 
seed development in crosses between G.arboreum (2n = 26) x 
G.hirsutum (2n = 52) and reciprocal differs considerably. 
Reciprocal differences in these crosses have also been 
reported by Weaver (1958); Bgasley (19ifO). 
In G.hirsutum x G.arboreum fertilization is delayed, 
endosperm and embryo development is slowed down, differen-
tiation of embryo occurs only in a few cases and the 
maternal tissue is completely collapsed. While in reci-
procal cross, fertilization is normal, endosperm is 
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comparatively faster in growth but shows various mitotic 
abnormalities, embryo differentiation did not occur, and 
maternal tissue remains normal. 
From the studies of Watkins (1932), and Miontzing 
(1933) it is known that the chromosome relationship of 
style and pollen tube is veiy important. In diploid z 
diploid, diploid x tetraploid and tetraploid x diploid 
cfosses pollen tube/style chromosome ratio is 1:2, 1:1 and 
J+tl and the growth of the pollen tube is normal, fair and 
poor respectively. Therefore, in the cross G.hirsutum x 
G.arboreum delay in fertilization is caused by the slow 
growth of the pollen tube and not many pollen tubes reached 
the oviile, therefore, only ^0% of the ovules are fertilized. 
Another reason for the delay in fertilization could be due 
to the longer style of G.hirsutum (2^ mm.) than G.arboreum 
(13 mm.). Since many ovules are not fertilized,this 
results in the abcission of large ntunber of fruits in 
G.hirsutum x G.arboreum crosses. 
The general view that the endosperm development 
is faster but shows greater mitotic irregularities in 
low X high chromosome number crosses while in reciprocal 
the endosperm growth is retarded and shows lesser mitotic 
abnormalities (see Wakakuwa, 193^; Kihara and Nishiyama, 
1932; Brink and Cooper, 19kh; Boys and Thompson, 1937; 
Beaudry, 19?!)» holds good for G.arboreum and G.hirsutum 
crosses. Reasons for reciprocal differences have been 
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reviewed earlier, see Watkins (1932); Kihara and Nishiyama 
(1932); Thompson (1930); East (1935); Muntzing (1933); 
Stephens (19^2) and Valentine (195^). From the various 
theories proposed, it is difficult to draw any general 
conclusion and the hypothesis valid for one cross may not 
be valid for another. 
Apart from the chromosome number relationships of 
embryo, endosperm and maternal tissue the genetic organi-
zation of embryo and endosperm also appears to be of great 
importance. G.hirsutum is an allopolyploid having the AD 
genomes, while G.arboreum has only the A genome. The 
G.hirsutum x G.arboreum cross provides greater possibilities 
for the production of cytoplasmic products and subsequently 
more harmonious chemical reactions than G.arboreum x 
G.hirsutum cross. Probably, this could be one reason for 
somewhat regular development of embryo and endosperm in the 
cross G.hirsutum x G.arboreum and greater mitotic irregu-
larities in the reciprocal ones. East (193?) explained the 
results in Nicotiana on similar grounds. 
Most of the workers in their studies with seed 
development following distant hybridization have based 
their results on the various histological observations but 
a view is now developing that an \inbsilanced gene dosage is 
probably responsible for the various abnormalities (see 
Jaranowski, 1962; Woodell, 1960b). Genetic coherence(Clausen 
& Hiesey, 196O) is also very important in ensuring an 
optimum balance in gene products. 
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IV, Grafting and its influence on fruit setting and 
seed develOT?ment in reciprocal crosses Tpetween 
G.arboreum and G.hirsutum 
(1) Grafting behaviour between G«arboreum and G.hirsutum 
Grafting may be compatible or partially compatible 
i.e., where the growth of the scion is stunted and flower-
ing abnormal; or incompatible. Graft incompatibility may 
be due to various anatomical or biochemical reasons. The 
important causes are briefly discussed below. 
(a) Anatomical aspects; 
The rate of the growth of the callus tissue and 
the cambial activity at the graft imion are two important 
considerations in the stock-scion compatibility. Bradford 
and Sitton (1929) first studied the correlation between the 
rate of growth of the callus and the size of the cambial 
cells in graft combinations. They emphasized more on the 
cambitim discontinuity. Argles (1937) also emphasized much 
on the callus growth and reported that different periods 
of callusing or cambial activity caused the failure in the 
healthy union. 
Soreuer (192^) reported that for a successful 
graft union, actual contact of cambial layer was not very 
essential, but the contact of cambium derived callus was 
important and the variation in time, in the regeneration 
of callus between the stock and scion, might be the cause 
of the poor growth of scion and the eventual death of it. 
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Non-tiridging of callus in proper time may lead to the 
late trachied strand differentiation and due to the 
absence of the corresponding connecting tissue the earlier 
growing callus and trachied strands may dry out and wouM 
thus become dead cells (Sharpeles and Gunnery, 1933). 
Chang (1937) in some temperate fruit trees found 
that excessive callus tissue production caused the ab-
normality in the union. Sass (1932) observed that some 
callus knots at the line of union of certain incompatible 
combinations of some temperate fruit trees, which created 
some local obstructions in the normal vascular connections 
between the scion and the stock. Thus, both excess and 
very little callus growth may bring about abnormality at 
the xmion. 
Sometimes, structural defects may be associated 
with the incompatibility of the grafts. Proebsting (1926) 
reported that mechanically weak unions of Apricot on 
Myrobalam Plum are due to some parrenchymatous tissue 
deposited at the line of the union produced by the cambium 
of the stock and scion. In grafts between Pyrus malus 
and Pyrus communis he recorded a layer of bark tissue on 
either side of the union which caused the break-down of 
the graft. Schneider (I960), recorded some forms of phloem 
degeneration associated with graft incompatibility in Citrus, 
(b) Biochemical aspects; 
The distribution of starch in different parts of 
a partictilar graft combination gives an indication of 
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compatibility. Usually in compatible combinations, the 
starch gets well and equally distributed throughout the 
plant body, while in incompatible combinations, an uneven 
starch distribution may be foxjnd in different parts due to 
some disturbances in translocation. 
Kostoff (1928, 1931) first reported about the 
uneven distribution of starch in some combinations of 
solanaceous plants. Chang (1937) examined the starch 
distribution in some compatible and incompatible graft 
combinations. By quantitative iodine tests he found 
heavy deposits of starch just below the union in the 
incompatible combinations of Durondeau pear on Quince F., 
while the portions of stem just below the union showed 
very little or no starch. In some compatible combinations, 
an even distribution of starch was found. He concluded 
that the starch depletion below the union of incompatible 
combinations was caused by an obstruction at the point 
of union. Similar results of starch depletion in some 
incompatible unions of different fruit trees have been 
recorded by Fawcett and Wallace (19^6); Mosse and Herrero 
(I95I); Herrero (1951); Mosse and Gamer (195^); Nauriyal 
§1 al. (1958) and Luckwill (1962). Osmotic pressure 
interactions of the albiiminoids caused the incompatibility 
in the graft (Rives, 1929)* 
An interesting situation has been reported by 
Seltmann _ei a^. (I963) in reciprocal grafts between 
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Nlcotlana tabaciim and N.rustica. Cleft grafting was 
done by these workers at the transplant stage of the 
seedlings. They estimated dry weight and alkaloid contents 
in the scions. In the case of tabacum scions on rustica 
root stocks, the dry weight and alkaloid contents of leaf 
and stem were reduced and the scions were somewhat stunted. 
In the reciprocal the dry weight and alkaloid contents 
were increased as compared to normal rustica plants. The 
growth of the scion was normal. Therefore, reciprocal 
differences may occur in grafting. Jacobs (19^2); Roberts 
(1936); Roach (1930) and Blair (1938) observed that one 
stock and scion combination, may be highly successful 
while the reciprocal may be unsuccessfiil. 
Chkhidze (I962) reported a higher pH value and 
ascorbic acid content on the one hand and decreased 
catalase activity and respiration rates on the other in 
Citrus ichangensis grafted onto lemon species. Conversely, 
the ascorbic acid content and pH value of the leaves of 
lemon seedlings grafted onto C.ichangensis decreased 
whereas catalase activity and respiration rate increased. 
In the case of Gossypium arboreum and G.hirsutum^ 
reciprocal cleft grafts were made at the early seedling 
stage. When G.arboreum was grafted onto G.hirsutum about 
71 percent grafts *took* and the subsequent growth of the 
scion and flowering behaviour were normal. The grafts 
coiold survive for two years. Therefore, this combination 
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was perfectly graft compatible. However, when G.hlrsutxan 
was grafted onto G,arboreum only 18 percent success was 
achieved. Most of the grafts died with in 10 days. The 
growth of the survived grafts was slow and mature plants 
remained stimted. Each grafted plant bore few flowers 
and the mature fruits remained smaller. Pollen fertility 
was normal. Therefore, this combination is partially 
graft compatible. 
In the beginning, the cause of this reciprocal 
difference was suspected to be due to the soft and quick 
wilting nature of G.birsutum stem growing tips, since in 
the month of July under Delhi conditions the maximum 
temperature goes upto ^ 2°C. To check this possibility 
grafts were made and kept inside a glass-house (25*^C), 
but the results were not different. After a month when 
the grafting tape was removed wilting of some scions took 
place and some remained imaffected. This indicated that 
the union was not perfect. Wo anatomical or biochemical 
studies have been carried out to understand the situation. 
However, from the different cases of graft incompatibility 
reviewed here it appears that some kind of cellular 
incompatibility at the graft union may be responsible 
for the unhealthy situation. The subsequent stunted growth 
of G.hirsutum scion may be due to disturbances in trans-
location which may alter the physiology of the plant. 
lOU-
(2) Vegetative Hybridization; 
Various workers particularly from U. S.S.R. have 
reported success in vegetative hybridization in plants. 
Lysenko (1953) states that "any character may be trans-
mitted from one breed to another by means of grafting 
just as well as by sexual methods" and that "vegetative 
hybrids do not differ in principle from sexual hybrids". 
However this has been a controversial issue for many 
years, and the results produced by Russian scientists 
of the "Lysenko school" were not reproducible. Vegetative 
hybridization should mean that characters of both stock 
and scion are transmitted to sexual progeny and get 
segregated in subsequent generations. The results of so 
called vegetative hybridization have been explained by 
other workers on the basis of some well established 
phenomenon like chimera in some plants (Cramer, 195^). 
Dean (1962) have written a criticism of various reports 
of vegetative hybridization quoted by Glouchtchenko (1959)> 
in support of his theory of graft hybridization. Dean 
states that "it is not enough to show that characteristics 
of both graft participants appear in the first sexual 
generation, for it is quite possible for gene products 
of the maternal parent to influence the phenotype of the 
progeny. Since these products are not self duplicating, 
their influence cannot be considered the result of 
hybridization in the generally accepted sense". Grafting 
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at the most, creates certain conditions which results 
in changes in the scion itself. These changes may "bring 
about aberrant chromosome behaviour. Dean has further 
stated "modem studies of transmission of DNA should 
alert the investigator to the possibility of transduction 
or other related phenomenon. In addition, infections 
agents such as viruses may well have an effect simulating 
that expected from vegetative hybridization". 
In the present investigations flowers from grafted 
plants in both the combinations were selfed, fruit and 
seed setting were found to be normal. Seeds when sown 
in the subsequent generations gave plants identical to 
the species concerned. In case of grafted G.hirsutum 
where the plants are stxmted the selfed progeny was as 
vigorous as ungrafted G.hirsutum progeny. Therefore, it 
is difficxilt from the present studies to explain the 
various reports of vegetative hybridization in cotton, 
which can substitute sexual hybridization. Delcev (1966) 
have recently reported that cross incompatibility between 
G.hirsutum and G.herbaceum cannot be overcome by graft 
hybridization. The present author has experience of 
grafting experiments between the species Corchorus olitorius 
and C«capsularis« where the scion remains unaffected and 
subsequent progenies of grafted plants are normal. Similar 
results have been foimd at this Institute in grafting 
experiments with Hibiscus and tomato. 
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(3) The influence of grafting on stock and scion; 
Grafting influences stock and scion in various 
ways, as the extensive literature on this subject reveals. 
Dwarfing, differential expression on different root stocks, 
change in flowering behaviour and vigour etc, are among 
the important examples of the expression of the stock 
effects. Similarly, scion influence on the root stock 
may be exerted in the form of amount, character of colour 
etc. Such influences have been reviewed by Roberts (19^9)* 
Howard (19^ 9» 1963), reported that in potato a 
higher yield is obtained by grafting Solan\im demissum, a 
short day type, on S.tuberosum used as scion. Such effects 
disappeared if the plants are not grafted for one year. 
Grafting increased the selfed seed set from .22 to 8.V 
percent in some combinations of Trifolium pratense 
(Denward, 1963). Smith (19^3) found in the cross M.alba x 
M.dentata that the F^ hybrids are chlorophyll deficient 
and die after a few days. Such chlorophyll deficient 
hybrids were grafted on normal plants and reared to maturity 
as healthy and vigorous plants. Sadykov (1959), showed 
op 
with P-' labelling studies in cotton that the sap is 
exchanged between stock and scion. 
ih) Grafting and Hybridization; 
Kostoff (1929) studied the failure of embryo to 
grow to normal size in the crosses Nicotiana rustics x 
N.rusbvi. N.rustica x N.glauca. N.rustica x N.alata. 
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N.rustica x N. langsdorfli and N.rustica x K«ta'baciam« The 
embryo stopped development 15-20 days after pollination 
in all the cases. In all the crosses there was a great 
amoimt of starch acciunulation in the in tegumental tissue. 
In order to find out the cause of inhibition of embryo, 
Kostoff worked on a hypothesis that antibodies may be 
produced in response to interaction between the embryo and 
the neighbouring tissues of the mother plant. In plants 
the experimental verification of the hypothesis becomes 
difficult since large quantities of the antigens would 
have to be injected, to obtain a particular reaction. 
Hence, Kostoff resorted to intergrafting and according to 
him in a graft union the constituents of the sap exchanged 
mutually between the scion and stock act as do in;3ected 
antigens in animals. He drew a parallelism between the 
formation of callus after an interaction between the scion 
and stock and an interaction between the mother plant and 
the embryo of the hybrid nature. 
Silberschmidt (193?) carried out experiments to 
verify the findings of Kostoff (1929) and concluded that 
the precipitates obtained were not a consequence of the 
quantity of antibodies in the scion but might be due to 
the accumulation of proteins. Protein specificity is one 
of the important foundations of the differences between 
species and studies of the specificity will undoubtedly 
shed more light on the relationship between species. He 
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further suggested that graft compatibility can he used 
as a screening technique to reduce to more manageable 
proportions the very large number of parent plants which 
it is usually necessary to cross before success can be 
achieved in species hybridization. 
Attempts to transfer various desirable characters 
of the wild species of Theobroma into cultivated form was 
achieved through reciprocal grafting between various 
species (Addison and Tavares, 1952). The experiments 
revealed an interesting parallelism between the behaviour 
of some species in hybrids and grafts. These authors 
suggested that possibly the success of hybridization and 
grafting has a common physiological basis. Evans and 
Denward (1955) tried interspecific crosses in Trifolium 
after grafting and obtained little difference in results 
of crossing \angrafted plants and crosses between grafted 
plants. They however confirmed the view of Addison and 
Tavares (1952) that there is a correlation between vege-
tative and sexual compatibility. However, Simon (1967) 
found in Medicago species that vegetative compatibility 
is not correlated with sexual compatibility. 
The uses of grafting in promoting seed develop-
ment in unsuccessful interspecific crosses are varied. 
Dyba (19^9) found that by grafting prior to crossing it 
was possible to obtain interspecific and intergeneric 
hybrids of several grasses and leg\aminous forage plants. 
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A successf\il cross utilizing reciprocal grafting was 
reported by Nirk (1959) when a true F, hybrid was obtained 
as a result of crossing grafted plants of Lycopersicum 
esculent\am and L«peruvianum var. dentatum, while hybridi-
zation in using normal plants were unsuccessful, Majid 
(,196k) also obtained 6 F-, plants between the crosses 
L.esculentum x L.peruvianum and L.esculentum z L. glandialosum 
by using grafted plants applied with irradiated pollen. 
Later, Majid (I966) secured two hybrids between the cross 
L. esciilentum x L» peruvianum from crosses between grafted 
plants only. She found that plants raised from seedling 
grafts gave success while those raised from cleft grafting 
did not provide any hybrids. Therefore, crossability 
between the species might improve if the grafts are made 
at an early stage. Szetyn (1959) tried repeated reciprocal 
grafting to cross Lycopersicum esculentum with L.glandulosum 
in order to bring the two parents physiologically close and 
improve their crossability. He however did not obtain any 
evidence of increase in successful mating in the successful 
graft generations. Normal crosses of the two incompatible 
partners were as ineffective as the crosses after grafting. 
Sulbha and Swaminathan (1959)» tried reciprocal 
grafting between Corchorus olitorius and C.capsularis and 
found that the two species are graft compatible. They also 
recorded a marked improvement in the finiit setting and 
development of the embryo when grafted plants were used to 
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make the crosses. In the cross C.capsularis x C.qlitorius 
fruit setting was enhanced considerably from 5-2^ percent. 
Later, Swaminathan et ^ . (1961) obtained a true hybrid 
by this method. Embryological studies in the crosses of 
grafted plants were carried out by Iyer, Siilbha and 
Swaminathan (I96I) who foimd that grafting leads to a 
better development of the embryo and differentiation of 
the endosperm in a few hybrid ovules. Studies with crosses 
of reciprocally grafted plants revealed that fruit set and 
endosperm and embryo development is further enhanced 
(Sachar, Swaminathan and Iyer, 196^). Therefore,the 
pollen from the grafted plants is also useful. 
Evans (1959) studied the relationship between 
graft and sexual compatibility and classified graft compati-
bility into three catagoriesi (a) compatible scions which 
flowered normally (b) incompatible scions which died 
(c) an incompatible group of pseudo-compatible scions 
which grew abnormally and did not flower. She obtained a 
positive correlation between graft compatibility and sexual 
compatibility. The graft incompatible plants showed a very 
low fertility and graft compatible plants showed normal 
fertility. In the reciprocal crosses there is a distinct 
difference and in cases where JrifoliiMn ambiguum is the 
female parent, a higher percentage of embryos were produced 
than when T,hybridum was the female parent. 
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The hypothesis concerning the relationship between 
graft and sexual compatibility is supported by Harland (1955) 
who felt that two species which can be grafted may be 
biochemically more related than two species which grafts 
are incompatible. Evans (1959) suggested on the basis of 
this relationship that vegetative compatibility can be used 
as a sieve to select those parents most likely to be sexually 
compatible. 
In the present investigation when the grafted plants 
were used the results were varied in the reciprocal crosses. 
In the cross grafted G.arborexxm x G.hirsutum the percentage 
of fruit set was enhanced from 2.3 percent to 23.7 percent 
as compared to the normal cross. Therefore, grafting has 
pronounced effects on fruit setting. When grafted G.arboreum 
plants were crossed with grafted G.hirsutum the percentage 
of fruit set remained at 2^.^. Therefore, pollen from 
grafted plants did not have any effects on fruit setting. 
In the case of the reciprocal cross i.e. grafted G«hirsutum x 
G.arboreum the abcission of bolls could not be prevented 
by grafting as the bolls continued to fall between 5-15 days 
after pollination. 
The development of the embryo, endosperm and 
maternal tissue was studied in various crosses involving 
grafted parents. In grafted G.arboreum x G.hirsutum cross 
the fertilization was comparable to normal cross. About 
65 pe rcent of ovules were fertilized, whereas in the normal 
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cross this figure was 75 percent. There was no improvement 
in the development of the embryo. However, more niimber of 
large sized, partially differentiated embryos were recovered 
as a result of improved fruit setting thereby increasing the 
possibility of getting F^ plants. The endosperm degeneration 
was delayed and in most of the ovules the degeneration 
started 10-12 days after pollination. Mitotic irregularities 
were present even earlier. Endosperm never differentiated. 
Endosperm abnormalities were more pronounced in this cross 
first in the vicinity of embryo. When the micropylar region 
showed degeneration (Fig.^?) the chalazal end contained 
actively divided nuclei (Fig,58). The development of 
maternal tissue remained similar to G.arboreum x G,hirsutum 
cross. The seed development in the cross grafted G.arboreum x 
grafted G,hirsutum revealed that pollen from the grafted 
plant did not have any further effects on the development 
of embryo and endosperm. 
In the reciprocal cross i.e. grafted G,hirsutum x 
G.arboreum the study of the development of seed revealed 
that grafting did not have any effects. The integuments 
which took a very dark stain because of the deposition of 
starch and tannin in the cross G,hirsutum x G,arboreum 
resembled that of the cross grafted G,hirsutum x G,arboreum, 
Iyer, Sulbha and Swaminathan (1961) observed that in the 
cross Corchorus olitorius x C.capsularls tannin is deposited 
in the inner integument. Sachar, Swaminathan and Iyer (196^) 
reported that integuments were partially free of this 
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substance in the grafted crosses. The cross grafted 
G.hlrsutmn x G» arboreum did not show any such effects. 
The reason why seed setting is improved and 
endosperm degeneration is delayed in grafted G.arboreum x 
G.hirsutum crosses sind remained unaffected in the reci-
procal cross is difficult to assess. Data on reciprocal 
grafting between diploid and tetraploid species are not 
available in the literature. Cell surface volume relation-
ships in relation to physiological processes like osmotic 
pressure, translocation etc. assume importance in such 
grafts. More detailed studies are hence needed as to why 
the graft takes better in one direction than in the other. 
V» Fruit setting and seed development in Gossypiimi arboreum 
var. K.5 and G.raimondii ULB and reciprocal crosses 
between them 
Stephens (19^2) attempted to cross G.arboreum with 
G.raimondii. G.arbore\im N, 1^ was used as female parent. 
He attempted 11 pollinations from which 36 mature bolls 
were obtained. On an average, 16 seeds per boll were 
found. Germination of G.raimondii pollen was normal and 
79 percent of the ovules were fertilized. No viable hybrids 
were obtained as the seeds were empty. Stephens did not 
study the fruit setting and behaviour of fertilization in 
the reciprocal cross. Endrizzi and Phillips (I960)t 
obtained hybrids between G.arboreum x G.raimondii by polli-
nating emasculated and non-emasculated flowers of 
l l l f 
G. arboreum. Several himdred seeds were obtained of which 
50 germinated. Three plants were foimd to be hybrids. 
(1) Seed development in parents: 
The seed development in G.raimondii as well as 
in G.arboreiim was studied from material grown at Coimbatore. 
Pollination and germination of pollen took place 
immediately after anthesis. Fertilization took place in 
2J+-28 hours in G.arboreum, while in G.raimondii it took 
32-36 hours. The percentage of fertilization of ovules 
was considerably low in G.raimondii. The development of 
embryo was similar in both the species. 
Ii^  G.raimondii. selfed ovules, showed degeneration 
of embryo and endosperm occasionally. The flowers were 
selfed with a ring, therefore, the chance of contamination 
of foreign pollen is ruled out. The reason for embryo and 
endosperm failure in G.raimondii is not known. 
(2) Fruit setting, fertilization and seed development in 
crosses; 
a) Fruit setting; 
Fruit setting in the cross G.arboreum x G.raimondii 
was 30.3 percent as compared to inbred G.arboreum. 
Therefore, the fruit setting in the cross is as high as 
in the inbred. The number of seeds per capsiale in the 
cross and inbred were also comparable. Similar results 
have been reported by Stephens (19^2). In the reciprocal 
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cross (G.raimondli x G.arboreum) there was no fruit set 
as most of the flowers were shed after 3 days of cross 
pollination. 
b) Fertilization and seed development in 
G.arboreum x G.raimondii and causes of 
"seed failure; 
In the G.arboretun x G,raimondii cross, 85 percent 
pollen grains germinated. Fertilization was delayed by 
h-& hours and 72 percent of ovxaes were fertilized against 
91 percent when compared to G.arboreum inbred. The embryo 
was normal upto 5 days after which it started showing signs 
of degeneration in a few cases, by 8th day most of the 
ovules showed unhealthy embryos. The endosperm showed signs 
of degeneration after 5 days and completely degenerated by 
10th day. There was no visible abnormality in the maternal 
tissue to which could be attributed the failure of seed 
development. 
In a few ovules, the embryos differentiated and 
did not degenerate. As a result, mature seeds contained 
embryos which were 2/3 of the mature embryo and differen-
tiated enough to give rise to hybrid plants. Similarly, 
though the endosperm degenerated in many ovules but still 
in some, vigorous nuclear divisions occurred and few ovules 
showed healthy endosperm nuclei upto 10 to 15 days after 
pollination. Endosperm in such cases never became cellular. 
Therefore, in this cross though in general the 
abortion of endosperm and embryo occurred, the presence of 
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fairly well differentiated embryos suggests that the 
incompatibility reaction may not be as strong as that 
observed in diploid and tetraploid crosses. The degenera-
tion of embryo took place as a result of abnormal behaviour 
of endospenn. Similar results have been reported by 
Sachet (19^8); Johansen and Smith (1956); Jaranowski (1962) 
and Wojciechowska (196^) where the endosperm is the cause 
of seed failure. 
c) Fertilization and cause of abcission in the 
cross G.raimondii x G.arboreum: 
Germination of G« arboreum pollen on G.raimondii 
stigma was normal but the subsequent growth of the pollen 
tubes was slow. Longitudinal sections of the base of the 
styles 36 hours after pollination revealed that pollen tubes 
have not reached upto that region. Other flower parts such 
as style, stigma and staminal column were dried up within 
^8 hours after cross pollination. As many as 102 ovules 
were examined after sectioning but none showed the entry of 
pollen tube inside the ovule. However, sometimes pollen 
tubes reached only upto the base of the style by k6 hours. 
Therefore, the fertilization was not affected. As a result 
of this abcission took place invariably. 
The length of the style of G« raimondii is 35 mm. 
while that of G.arboreum is 16 ram. Therefore there is a 
considerable difference in the style length of the two 
parents. The growth potential of G.arboreum pollen tubes 
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may not be enough to travel through 35 mm. long style 
and stigma and placenta of the ovary. Since the germi-
nation of pollen grains was normal and pollen tubes travel 
to a considerable extent, the reason for the failure of 
this cross appears to be due to the inadequate growth of 
the pollen tubes of G.arboreixm in the style of G.raimondii. 
There are many instances of such a behaviour in different 
crosses. The various causes due to which the cross fails 
as a result of prefertilization barriers are discussed 
earlier (,seg, Mangelsdorf and Reeves, 1931; Blakeslee, 19^5; 
Gardella, 19^0; Swaminathan and Murty, 1957 and Davies,1957). 
VI. X-ray screening of the F-^ seeds 
Several workers have attempted to cross the culti-
vated Asiatic diploid species with cultivated American 
allopolyploids. In an attempt to hybridize G.arboreum as 
female parent with G.hirsutum Harland (1935) after several 
thousand crosses found seeds that appeared sound at the 
time of maturity but contained only small shrivelled embryos 
that would not germinate. Feng (1935) obtained only one 
hybrid from 1017 pollinations. Similarly, crosses between 
G.hirsutum and G.herbaceum were attempted by Zaitzeb (1925); 
Desai (1927) and Nakatomi (1930) but with partial success. 
In the case of G.arboreum x G.hirsutum crosses, seeds are 
obtained which contained undifferentiated or partially 
differentiated embryos as revealed by the embryological 
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studies made by Beasley (19^0); Weaver (1958) and the 
present author. Weaver (19^8) dissected 500 seeds and 
ohtained one hybrid by the embryo culture method, Stephens 
(19^2) obtained $76 seeds between the cross G.arboreum x 
G.raimondii but did not succeed in getting a hybrid. 
Hybrids were produced by Endrizzi and Phillips (I960), by 
mixed pollination method after getting several hundred 
seeds. In the present investigation, several thousand F, 
seeds were obtained by various methods. These seeds were 
sown in the soil but none gave a hybrid plant as the seeds 
did not germinate. The cross G.arboreum x G.hirsutum (mixed 
pollination) and its reciprocal gave rise to several hundred 
seedlings. These were closely observed till flowering but 
none was a hybrid. Therefore, in the past, the large number 
of crosses attempted by various workers have not given the 
desired results. With the detailed embryological data now 
available, it should be possible to isolate the hybrid 
embryos by dissection and grow them by embryo culture. 
Several workers have utilized the technique of 
X-ray photography for studying the various aspects of seed 
quality. Though the establishment of X-ray photography as 
a tool for screening seed quality was made by Lundstrom in 
1903 (cf. Siraak and Gustafsson, 1953)» the effective use 
of this technique was pioneered by Simak and Gustafsson 
(1953) • Since then, several workers have used X-rays to 
study the problems of seed development. Since the internal 
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details of the seeds were clearly discernible by this 
technique. Miaier-Olsen, Simak and Gustafsson (1956) 
coxild classify Picea seeds into various classes, depending 
on the extent of development of embryo and endosperm. 
Ehrenberg ^  ^ . (1955) also used this method for studying 
the seeds obtained by crossing different species of Pinus. 
Most of the F^ seeds obtained by them were found to be 
empty and the full seeds, too, when formed, were found to 
be somewhat inferior in germination capacity. Klaehn and 
Whealer (I96I) studied the F^ seeds obtained in artificial 
crosses in Picea glauca and P.abies, with the help of X-ray 
photography. They were able to evaluate the seeds resulting 
from crosses and self pollination with reference to the 
degree of embryo and endosperm development even if the 
seeds were incapable of germination. The degree of incom-
patibility between the different species were correlated with 
the extent of embryo development in the F, seeds. Kaiser 
(1962) used the radiographic technique very profitably for 
sorting the filled and empty seeds of yellow popler. For 
studying the seed quality in Phragmites communis« 
Gustafsson (I963) used this method for isolating the under-
developed and defective seeds from the good ones and also 
coiild locate the seeds infected with insects and fungus 
(ergot). This technique was also extensively used for 
studying the seed quality of several economic plants 
(Swaminathan and Kamra, 1961), 
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One of the important advantages of this technique 
lies in the fact that the seeds are not physically damaged 
and the genetic damage is almost negligible after radio-
graphic analysis (Kamra and Simak, 1965) and hence the 
same lot of analysed seeds coiild be used subsequently for 
growing the population. 
As mentioned earlier, the F, seeds between GossypiiJm 
species did not germinate when sown in the soil. In the 
next year 337 (F^^ seeds in the crosses grafted G.arboreum x 
G.hirsutum and G.arboreum x G.raimondii were analysed with 
X-rays and only 8 seeds were picked up in the two crosses. 
Embryos were cultured artificially and two hybrids, one 
each in both the combinations, were obtained. 
Mixed pollination is a method by which seed setting 
is considerable increased in the crosses as a result of 
some amount of self fertilization. Subsequent studies become 
difficult as a very large number of seedlings arise. In 
the cross G«arboreum x G.raimondii (mixed pollination) also 
the use of X-ray photography proved to be of great advantage. 
Out of 96 (Fj) seeds, 30 had fully developed embryos 
(Fig,98). Such complete development was never possible 
in the crosses as revealed by the embryological studies. 
Moreover these seeds resembled very much the self G.arboreum 
seeds. When these seeds were sown in the soil, they proved 
to be selfed seeds as expected. 
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Thus, this technique is extremely useful for 
detecting hybrid embryos and for separating the products 
of selfing and hybridization. 
VII. In vitro culture and storage of cotton pollen; 
Attempts by plant breeders and horticulturists to 
cross different varieties, species or even genera, with a 
view to produce newer and improved types of plants better 
suited to human requirements have often met with failure 
due to several reasons. One of the first hurdles is the 
flowering of the selected parents at different times or at 
different places. These barriers can be broken by storing 
and transporting the pollen and using them at appropriate 
time and place. Antles (19^1) have shown that the pollen 
can be easily transported in special containers to different 
parts of the world without any serious loss to their via-
bility. The storage of pollen is not always easy. Brewbaker 
(1957) found that trinucleate pollen are difficult to culture 
in vitro and that their storage life cannot be prolonged 
considerably, while binucleate pollen are easily manipulated. 
Cotton pollen, though binucleate at anthesis, lose viability 
within 2k hours when stored at room temperature. 
In vitro culture of pollen: 
Before attempting to store pollen methods should 
be standardized for testing the viability of the stored 
pollen. Germination of pollen in vitro is one method which 
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can give an Indication of pollen viability. The germi-
nation of pollen is influenced by several physical £ind 
chemical factors such as humidity, temperature, pH, presence 
of boron and other minerals and growth promoting substances. 
The various aspects of such research have been reviewed by 
Visser 1955, and Johri and Vasil (I960, I96I). 
Banerjee (1929) noticed the gennination of cotton 
pollen in vitro under suitable humidity conditions, these 
observations were confirmed by Shibuya (1930). Badami (1922) 
tried germination of cotton pollen in castor oil but did not 
get favourable results. However, Klyiakvina (I963) reported 
germination in Agar and castor oil medium. lyenger (1938) 
reported some amount of germination in sugar Agar medium, 
Verma and Verma (1957) noticed a tube length of 520 microns 
when pollen of G.herbaceum was cultured in 35 percent sucrose 
with 1 percent Agar. Vasil (1958) germinated the pollen of 
G.arboreum race bengalense, G.herbaceum var. Jayadhar, 
G.barbadense S.I.V.135 and G.hirsutum var. Indore-2, in 
35-60 percent surcrose containing 0.001 percent boric acid. 
Vorob'eva (1963) germinated cotton pollen in 35 percent 
Sugar and 5^ Agar and noticed an increase in germination 
if the cultures were mixed with the pollen of Hibiscus 
coccineus and Albae rosea. Therefore, there have been 
reports of cotton pollen germination by various workers 
but none of the media suggested are dependable as the resxilts 
are not repeatable and consistent. 
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It has been reported by various workers that 
boric acid accelerates pollen germination. The effect 
of boron on pollen germination has been discussed by 
Vasil (196^). In the present investigations boric acid 
did not support the germination of G.hirsutum pollen 
(Table 21). The germination in 35 percent sucrose - boric 
acid medium was either nil or very poor. Ther germination 
was enhanced to 5.7 percent when 0.7 percent Agar was added 
to this medixom. This percentage was further enhanced about 
10 times with the addition of 300 ppm Ca(N0^)2, 200 ppm 
M SOj^ , and 100 ppm KNO^. Sucrose higher than 35 percent 
had harmful effects on the pollen tube growth. The pollen 
of G.arboreTM showed about 21 percent germination on 30-35 
percent sucrose with Ca"*^  complex. The germination was nil 
when Ca"*"*" ions were absent in the meditun (Table 23)• Bie 
germination percentage was enhanced upto ^ 5 when the concen-
tration of Ca(NO,)p was increased upto 10,000 ppm. There-
fore, the calcium ions have high stimulatory effect on 
cotton pollen germination and as well as on tube growth. 
Various chemicals, growth substances, vitamins, 
antibitics and carotenoids are known to have a stimulatory 
effect on pollen germination (Johri and Vasil, 1961). 
Brink (192^) used calcium to stimulate pollen tube growth 
and antagonise the injurious effect of other metal ions. 
Brewbaker and Kwack (I963) cviltured the pollen of 86 plant 
genera in a sucrose - boric acid medium supplemented with 
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different cations and observed that satisfactory germina-
tion and pollen tube growth occurred on a medium which 
included calcium, boron, magnesiiam and potassium. Calcium 
ion was considered to be the growth factor and other ions 
(K"*", M "*""*", Na"*") served in supporting roles to uptake the 
binding role of calcium, Kwack (196^) showed by elimination 
technique that there is no germination in the absence of 
calcium ions. Similar results have been obtained in the 
present findings in G.arboreum pollen. The growth cff the 
tube is very much enhanced with Ca"*^  ion (Kwack and 
Macdonald, 1965) and autoradiographic studies have revealed 
that calcium binding takes place in the pectic regions of 
the pollen tube wall (Kwack and Brewbaker, I963), Therefore, 
it appears that calcium increases the rigidity of pollen 
tube wall and therefore prevents bursting, forcing the 
normal pollen tube elongation. 
Storage of Pollen: 
The longevity of stored pollen has been investi-
gated mainly in relation to relative humidity and tempera-
ture. Sometimes the effect of diluents, atmospheric 
pressure and gases also play an important role. Most of 
this work has been reviewed by Holman and Brubaker (1926); 
Nebel and Ruttle (1937); Visser (1955) and Johri and 
Vasil (i960, 1961). Studies on the storage of cotton 
pollen were carried out by Banerjee (1929) who noticed that 
the pollen grains remain viable for nearly 2^ hours. 
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Balasubramanyam (19^8) observed that after removal from 
the immature flower buds pollen retain viability for hh 
hours, Harrison and Fulton (193^) successfully stored 
cotton pollen (in a domestic refrigerator) for two days, 
pollen collected on the day of anthesis from intact 
flowers. Vasil (1958) stored the pollen of Gossypium 
herbaceum and reported that the pollen did not germinate 
even after short periods of storage. 
In the present investigation out of 17 different 
combinations of temperature and humidity tried, the pollen 
of G»hirsutum and G« arboreum could be stored for 2 days at 
25 EH and 15°C, as indicated by its germination (5-7 
percent) on the nutrient medium. Bursting and streaming 
of cytoplasm of pollen continued up to 30 days. In vivo 
pollinations revealed that the pollen became ineffective 
to fertilize the ovules after 2'f hours. Therefore, the 
pollen of Gossypium species though capable of germination 
2 days after storage, are useless for practical purposes. 
Little is known as to how the pollen lose via-
bility. Certain probable causes of the loss of viability 
may be desiccation, utilization of reserve food and inacti-
vation of enzymes. Nielson (1956) reported that the 
pantothenic acid,a constituent of co-enzyme A, content of 
the pollen of ^ ea mays shows a substantial decrease after 
storage. Our knowledge on this problem is not enough. 
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Extensive work on the chemical composition of fresh and 
stored pollen grains is needed to gain an insight into 
the methods of extending to the storage life of pollen. 
S U M M A R Y 
1. Crosses between Gossypltun arboreum (2n = 26) and 
Gossyplum hIrsutTjm (2n = 56) are not successful and have 
been attempted by several workers only with partial success. 
In view of the economic importance of this cross, studies 
were undertaken on: (a) Seed development in the two 
parent species and in reciprocal crosses between them, 
(b) Modification in the course of seed development induced 
by grafting in reciprocal crosses. 
The species G.arboreum (2n = 26), which is the 
cultivated asiatic type with the A genome and G.raimondii 
(2n = 26) American wild diploid with the D genome, the 
possible progenitors of cultivated allopolyploids, are 
cross-incompatible. Mature seeds are mostly empty. There-
fore, an embryological investigation of seed development 
was undertaken to tinderstand the nature of incompatibility 
in the parents and in reciprocal crosses. 
Studies on storage and artificial cxJlture of pollen 
of Gossypium spp. were landertaken with a view to standardi-
sing techniques for overcoming the barrier of nonsynchro-
nization of flowering in certain species. 
2. Seed development was essentially similar in the 
species G.arboreum and G.hirsutum. Fruit setting was 35*9 
and 31,2 percent respectively. Pollination and germination 
of pollen grains took place immediately after anthesis. 
Fertilization took place between 2k to 30 hours. About 9^ 
128 
and 90 percent ovules were fertilized in G.arboreum and 
G.jhirsutum respectively. Zygote divided 3 days after 
pollination. Two-day-old ovules showed 8-50 free nuclei 
in the endosperm and 5-day-old ovules had about 1000 nuclei. 
Upto 7 to 8 days embryo remained globular and differentiation 
started after 9-11 days. Differentiation of endosperm also 
took place during this period. Endosperm became cellular 
first at the micropylar end and within 1^-16 days, the 
whole cavity showed cellular endosperm. After 9 to 11 days, 
the embryo grew at a very fast rate and fully differentiated 
embryos were formed in 16 to 20 day-old ovules. Mature 
seeds contained massive embryos and the endosperm was fully 
consumed. Both the integuments were comprised of seven 
different layers. The innermost layer of the inner integu-
ment i.e., fringe layer, showed deposition of starch and 
tannin between k-7 days which cleared in the subsequent 
development. 
3« In the cross G,arboreum x G.hirsutum only 2-3 percent 
bolls were retained on the plants at maturity. About 75 
percent of the ovules were fertilized. The zygote divided 
3-^ days after pollination. The endosperm contained 621 
nuclei per ovule after 5 days of cross pollination. The 
embryo and endosperm showed visible abnormalities after 5 
days. Embryo degeneration was very common in 6-7 day-old 
ovules. The endosperm completely degenerated by the 10th 
day. Degeneration of the endosperm started first in the 
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vicinity of the embryo. Therefore, the failiire of this 
cross appears to be due to disharmony between the endosperm 
and embryo which disturbs the nutritional set up of the 
embryosac. The maternal tissue showed normal development. 
Mature seeds were normal looking but empty. Some had 
undifferentiated embryo. The frequency of such embryos 
was extremely low due to the high degree of abortion of 
embryo and abcission of bolls. 
k. In the cross G.hirsutum x G.arboreum the fruit 
setting was nil, as most of the bolls abcissed between 
5 to 15 days. The developing bolls were very much stxmted. 
Pollination and germination of pollen were normal. Ferti-
lization was delayed by 8 to 18 hours as a result of the 
slower growth of G.arboreum pollen tube in the longer style 
of G.hirsutum. Only about 50 percent of the ovules were 
fertilized. The division of the zygote was subsequently 
delayed. The embryo was normal upto 5 to 7 days after 
which degeneration started. In a few cases the embryo 
showed differentiation. Endosperm growth was very much 
slowed down as only 221 nuclei were present per ovule after 
5 days. Precocious cell wall formation arrested the growth 
of endosperm. Integuments showed heavy deposition of starch 
which went on increasing and never cleared, since the 
endosperm did not utilize its due share of nutrients. 
Deposition of substances which took heavy stain, caused 
physiological disturbance in the integuments thereby, 
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arrested the growth and subsequently starved the emhryosacs. 
5. Thei^ were reciprocal differences in the develop-
ment in the two crosses. In G.hirsutum x G« arboreum. 
fertilization was delayed, endosperm and embryo development 
was slowed down, in a very low frequency differentiation 
of embryo occurred and the maternal tissue was completely 
collapsed. In the reciprocal cross, fertilization was normal, 
endosperm was comparatively faster in growth but showed 
various mitotic abnormalities and there was no differentia-
tion of embryo. Maternal tissue remained normal. Somewhat 
normal development of embryo and endosperm in G.hirsutum x 
G, arboreum cross was due to the allopolyploid nature of the 
female parent which probably provided more harmonious 
reactions than the reciprocal cross. 
6. Artificial tetraploids of G,arboreum were produced 
with colchicine. In the cross autotetraploid G.arboreum x 
G.hirsutum fruit setting was nil, but in the reciprocal 
16.3 percent fruit set was obtained. No hybrids were 
obtained. 
7. Mixed pollination improved the fruit setting but 
the seeds (about 5000 in both the combinations) when sown 
in the soil did not produce any hybrids. Only selfed plants 
were obtained. 
8. Reciprocal cleft grafting was carried out between 
the two species. When G.arboreum was grafted onto G.hirsutum. 
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71.^ percent success was obtained. The reciprocal combi-
nation gave only 18.1 percent success. G.arboreum scions 
showed normal growth, therefore, this combination is 
graft compatible. G.hirsutum scions in contrast were 
stunted. Grafting did not influence in any way the genetic 
traits of the scion, 
9. The fruit setting behaviour in grafted crosses was 
very much altered. In grafted G« arboreum x G.hirsutum 
cross 23*7 percent bolls were retained upto maturity, while 
in the normal cross only 2.3 percent. In the cross grafted 
G.arboreum x grafted G.hirsutum 2^.^ percent bolls were 
retained. Therefore, pollen from grafted plants did not 
have any influence in grafted crosses. Grafting did not 
influence the boll setting in the reciprocal cross i.e., 
grafted G.hirsutum x G.arboreum as most of the bolls abcissed 
as in the normal cross. 
10. Embryological studies following crosses between 
grafted G.arboreum x G.hirsutum and grafted G.arboreum x 
grafted G.hirsutxim showed that the pollination, fertiliza-
tion and development of embryo were comparable to that 
observed in the normal cross. The endosperm survived for 
a longer duration as degeneration started in many ovules 
after 10 days. However, similar disharmony between embryo 
and endosperm was observed after 10-12 days as in the normal 
cross. Most of the matxire seeds were empty but as a result 
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of increased fruit setting, a large number of partially 
differentiated embryos were obtained, thereby improving 
the chance of producing hybrids. 
11. Embryological studies following the cross grafted 
G»hirsutum x G,arboreum were similar to that of normal 
cross. The maternal tissue showed heavy deposition of 
starch etc, and grafting did not induce any changes in it. 
12. Embryological studies of seed development of the 
parents, G.arboreum var. K.? and G.raimondii ULB, was 
carried out. In G.arboreum var. K.5 pollination and 
fertilization comparable to G.arboreum var 231R. About 91 
percent ovules were fertilized. In G.raimondii fertiliza-
tion took place 32 to 36 hours after pollination and only 
56 percent ovules were fertilized. Development of the 
embryo, endospearm, and maternal tissue of both the parents 
was similar to G.arboreum var. 231B. Occasionally, 
degeneration of ovule was observed in selfed G.raimondii. 
13. In the cross G.arboreum x G.raimondii fertilization 
was delayed by U-8 hours as compared to selfed G.arboreum. 
About 72 percent ovules were fertilized. About 30.3 percent 
crossed bolls were retained (32.1 percent in inbred 
G.arboreum). Embryo degeneration started 6 to 8 days after 
pollination and endosperm became abnormal earlier i.e., 
after 5 days. Endosperm got completely degenerated by 10 
days. The cross failed due to the endosperm degeneration. 
In a few cases embryos differentiated to some extent and 
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were capable of giving rise to hybrid plants if the seeds 
were carefiJlly handled, 
1^ +. In the reciprocal cross i.e. G.raimondii x 
G.arboreum, the pollen tubes of G.arborem did not reach 
the embryosac. Therefore, abcission of crossed bolls took 
place between 3 to 5 days. The G. raimondii style (35 Man. 
long) was observed to be longer than that of G,arboreum 
(16 mm, long) style. Slow and insiifficient growth of 
G.arboreum pollen tubes was therefore, the cause of the 
failure of this cross. 
15. Mixed pollination improved the fruit setting to 
36 and 10 percent in G.arboreum x G.raimondii and 
G.raimondii x G.arboreum crosses respectively. No hybrids 
were obtained as only selfed plants emerged, 
16. X-ray screening of dry delinted seeds of G.hirsutum. 
G,arboreum and G.raimondii (selfed) and the F, seeds of 
crosses, G.arboreum x G.raimondii. G.arboreum x G.raimondii 
(mixed pollination) and grafted G.arboreum x G.hirsutum, 
was done. Out of 305 seeds screened in the cross G.arboreum x 
G.raimondii in a short time, 5 seeds were picked up which 
contained partially differentiated embryos. One hybrid 
was obtained by embryo culture. In the cross grafted 
G.arboreum x G.hirsutum, out of 32 seeds screened 3 seeds 
were picked up which had embryos and the rest were empty. 
One hybrid was obtained but did not survive. This technique, 
13^ 
therefore, is very useful for screening hybrid embryos and 
also for isolating selfed embryos in mixed pollination 
crosses. 
17. Pollen of G.arboreum could be germinated In vitro 
(^ 5 percent) in 30 to 35 percent sucrose, 0.01 percent 
boric acid, 10 percent Ca(N0,)2» 0.02 percent MgSOK and 
0.01 percent KNO,, While G.hirsutum pollen showed 58 percent 
germination in 35 percent sucrose, 0.01 percent boric acid, 
0.03 percent Ca(II0^)2, 0.02 percent MgSO^ and 0.01 percent 
KNO^. Hanging drop liquid cultures were prepared. Pollen 
of G.arboreum and G.hirsutum could be stored for two days 
over 25 EH and 15°C but the stored pollen was not effective 
for the purpose of fertilization. 
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